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LIST  0?  PUBLICATIONS  ON  T?AGS  ELE'STITS  III  COAL 


Bureau  of  I'lines  Repai-b  ox  Irr/estigations  #7609/l9'/2 

"An  IX'-aluation  of  Methods  for  Dstecting  Mercury  in  Soms  U.  S.  Coals" 

Bureau  of  Mi-n^s  Technical  Prof^ress  Report  frl^i  Sopter^Der,  1971 
"Analydis  for  Mercury  in  Coal" 

Bureau  of  llini 3  Technical  Progress  P.eport  #5/1-,  May,  1972  ... 
"Fats  of  Trace  Mercury  in  the  Combustion  of  Coal" 

Illinois  State  Geological  Survey    —  Environmental  Geology  Notes  #Zi3, 
February,  1971 

^■'ercury  Content  of  Illinois  Coals"  ■    •  r    -  ■       .  ■  :  ■  ■'-  ■ 

Bureau  of  Mines  Report  of  Investigations  #7281,  July,  I969 

"Spectro chemical  Analyses  of  Coal  Ash  for    Trace  Elenients"  : 

Bureau  of  Mines  Report  of  Investigations  #7054^  Decembs3:, '  I967 

"I'lethod  for  Determination  of  Fluorine  in  Coal"  -•. 

'Bureau  of -Kines  Information  Circular  #Sl63  —  Piiblishsd  1963  • 
'Bare  Elements  in  Coal"  '  -7 

Bureau  of  Mires  Report  of  Investigations  #7714/1973 

.  "Analysis  of  Trace  Elements  in  Coal  by  Spark-Source  Mass  Spectrciietry"  .-, 

■  Illinois  State.  Geological  Survey  -  Eoviror-mental  Geology  IJotes  #d1, 
April  1973  ■  ■  •  ■ 

■  "Occurrence  and  Distribution  of  Potentially  Volatile  Trace  Elements  in  Coal: 
An.  Interim  Report"  _ 

The  Pennsylvania  State_Univ3rsity  Contract  IIo.  14-01-0001-390,  "ilineral 
Matter' and.  Trace. Elements  in  U.S.  Coals".    Prepared  for  Office- of  Coal  Rs- 
-  search,  U.S.  Department  of  Interior,  Research  and  Development  Report  Ho,  6I, 
Interim  Report  I:o.  2  .  •    .       ,  ■ 
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OVERBURDEN  ANALYSIS 


Overaurden  Aiial-ysis 
Big  Sky  Mine >  Colstrip,  Montana 

Introduction 

Since  1957,  intensive  surface  mined  land  reclamation  research 
conducted  by  the  Montana  Agriculture  Experiment  Station  has  resulted 
in  improved  techniques  and  innovations  for  practical  land  r-eclaination . 
It  has  become  obvious  that  mining  and  reclamation  must  be  a  system  of 
coordinated  processes  used  to  achieve  a  predetermined  goal  in  both 
mineral  extraction  and  land  restoration.     Careful  preplanning  v.'ill 
^llCT-r  mining  and  reclamation  to  coexist  both  economically  and  eco- 
logically. 

Analyses  of  overburden  samples  from  the  potential  mine  site  pro- 
vide pertinent  information  on  overburden  toxicity,  strati graphic  ratios 
weathering  rates,  v;ater-infiltration  and  percolation  rates,  v:ater  hold- 
ing capacit],'-,  influences  on  seed  germination  and  plant  grovfth,  nutrient 
availability,  and  potential  for  reclamation. 

Reclamation  problems  differ  from  mine  site  to  mine  site  and  vary 
vrith  the  types  and  quantities  of  overb-orden  removed,  local  environment, 
topography,  vjater  availability,  types  of  mining  equipment  used,  number 
of  coal  seaxs  mined,  and  overall  reclar.ation  objectives. 

Scunriples  of  over'bva'^dan  vreve  obtained  from  cores  ta}:en  from  beti-reen 
the  outcrop  locations  of  the  Rosebud  and  McKay  seams  at  a  prooossd 
minesite  location.     These  sanples  vrere  submitted  for  analyses  by  the 
Montana  Agricultural  E>periment  Station  at  Bozeman.     The  fcllov.-ing 
investigations  concern  overburden  representing  the  parting 
shales  at  Peabody's  Big  Slcy  Mine. 
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Objectives 

The  objectives  of  the  overburden  analysis  phase  of  this  research, 
program  were  to: 

1.  Determine  n\:merou3  physical  and  chemical  characteristics  of 
overburden  material  found  betvreen  the  McKay  and  Rosebud  crop- 
lines  at  Peabody's  Big  S}cy  Mine. 

2.  Determine  plant  germination  and  grov;th  characteristics  of 
overburden. 

3.  Predict  probleirs  in  revegetation  of  potential  mine  spoils  at 
the  Big  Sky  Mine. 

Methods  £ind  Procedures 
Overburden  samples  vrere  (Atained  from  six  holes  in  the  area  betvreen 
the  McKay  and  RosSbud  crop lines  at  Peabody's  Big  Sky  Mine.  Samples 
vzere  emalyzed  as  receiveci,  and  varied  from  one  foot  to  ten  foot  incre- 
ments.   Each  sample  vras  identified  by  location,  depth  and  code  letters. 

Sample  Preparation 
A  special  crushing  machine  capable  to  regulating  maximum  particle 
size  v;as  used  to  crush  each  sample  to  a  maximum  particle  diameter  of 
25  mm. 

Standard  Soil  Analysis 
Each  soil  sam.ple  vas  analyzed  by  the  Montana  State  University  Soil 
Testing  Laboratory  to  deterrrdne  pH ,  phosphorus,  potassium,  calcium, 
magnesium,,  sodium,  salts  conductivity,  arid  particle  size  distribution. 
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Perineabi lity  Tests 

Special  laboratoiy  apparatus  v.'ere  used  to  test  the  permeability 
of  artificial  soil  composed  of  50g  of  1,0  -  5.0  inrn  particles  and  50g 
of  less  than  1.0  itijh  par-ticles  of  each  overburden  sample.     A  50  Tim 
diameter  glass  tube  15  cm  long  was  partially  filled  vrLth  lOOg  of  pre- 
pared overburden  material  and  supported  by  a  fine-ip.esh  v/ire  screen  on 
one  end  of  the  tube.     VJith  the  tube  in  a  vertical  position,  100  of 
distilled  vrater  v^as  slo:ily  dripped  into  the  tube.     Vfater  percolated 
through  the  sample  into  a  container  belo-.-/,  and  \ias  measured  volur.etri- 
cally  after  10,   30,  50  and  120  minutes  £ind  after  2'^  hours.     A  flcvr 
rate  curve  was  constructed,  for  each  sample. 

Leachate  from  each  sample  was  analyzed  by  the  Montana  State  Uni- 
versity Soil  Testing  Laboratory'  for  pH ,  calcium,  -magnesium,  potassium., 
sodium,  salts,  electrical  conductivity,  and  sodium  adsorption  ratio. 

*        .  '  '         Plant  GrcT/rth  Tests 

Plant  growth  tests  vfere  conducted  on  overburden  samples  in  the 
greenhouse.     Each  overburden  sample  v/as  composed  of  a  mixture  of  50 
percent  1.0  -  5.0  m.m  particles  and  50  percent  less  than  1.0  mm  par- 
ticles.    Four  75g  replications  of  each  sample  v/ere  placed  in  plastic 
pots,  seeded  with  three  barley     emd  one  bean  seed,  and  randomized  on 
a  greenhouse  bench.     Plants  v.'era  i-fatered  daily  or  as  required  with 
distilled  vrater.     Germination  vfas  recorded  daily  through  the  designated 
test  period.     Plant  grcv^th  was  mieasurad  (the  average  of  the  tallest 
three  leave?)  and  plant  vigor  and  color  were  recorded.     Afxer  the  ^.'5- 
day  test  period,  plants  vrcre  harvested,  oven-driod,  and  vfeighed  to 
supply  data  for  detailed  analysis  v;hich  follo-red. 
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Results 

The  samples  received  vrere  quite  variable  in  depth  increments,  but 
provided  a  good  analysis  of  the  overburden  material  between  the  Rose- 
bud and  McKay  croplines. 

A  short  discussion  of  the  factors  and  characteristics  evaluated 
during  the  study  is  necessary  at  this  time.     Rates  of  per-eabili^y  are 
shorn  in  graphs  and  saturation  time  is  shovm  in  the  .tables.    Both  indi- 
cate the  ability  of  the  sainple  to  absorb  v/ater  and  to  allov;  its  r.ove- 
m.ent  through  the  sanple.     Samples  v:ith  very  lo'.i  flov;  rates  or  v/hich 
are  impermeable  v.'ould  cause  severe  erosion  and  revegetation  prcblem^s 
if  left  on  the  surface  of  mine  spoils. 

Soil  samples  v^ere  analyzed  for  a  variety  of  chemical  and  physical 

characteristics  including  pH,  phosphorus,    potassium,  sodium,  calcium, 

magnesium, " salts  conductivity,  and  particle  size  distribution.  Nutrient 
—  .  .     .-.  .  » 

analysis  allovrs  requirem:ents  for  fertilizer  to  be  formulated.  Sodium 
content  generall}''  indicates  potential  salinity'  problems.  Poter.tial 
problems  are  indicated  v;hen  sodium  content  exceeds  2-3  milliequivalants/ 
lOOg  and  salts  conductivity  exceeds  3-4  milllmhos.     Particle  size  dis- 
tribution indicates  the  relative  proportions  of  sand,  silt,  and  clay  in 
the  sample.     V-'hen  clay  exceeds  40-50  percent  or  v/hen  silt  and  clay 
exceed  70-80  percent  of  the  sample,  problems  are  encountered  in  infil--  ' 
tration  of  vfater,  soil  erosion,  soil  co.-paction,  and  plant  gro".rth. 
Soils  high  in  sand  hold  lovf  amounts  of  available  vrater  v.'hile  those  high 
in  silt  and  clay  hold  higher  a^momts  of  available  v/ater.     As  noted  earlier 
soils  too. high  in  silt  and  clay  present  other  reclar^aticn  pi^cblerrs. 

Leachate  samples  provide  information  on  v.'aters  -..-hich  percolate 
through  test  samples  and  indicate  potential  influences  on  surface  and 
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ground  v;aters  v:hich  cor.s  in  contact  v;ith  pa"rticular  overburden  5.n 
spoils.     Electrical  conductivity  is  presented  in  the  tables  in  iricro- 
rho3  while  salts  content  is  estirrated  in  parts  per  rlllion.  Salts 
hazard  appears  to  increase  as  both  electrical  conductivity  and  salts 
content  exceed  2000  Tiiicror?ho3  or  ppm.     Sodium  is  expressed  in  rilli- 
equivalents  per  liter,  as  ai^e  calciun,  magnesium,  potassium,  and 
total  salts.     Sodium  hazard  appears  to  increase  above  2-3  r,eq/l. 
Sodium  adsorption  ratio  (SAR)  indicates  the  ratio  of  sodium  to  cal- 
cium and  magnesium  and  is  used  to  predict  plant  grovrth  problems. 
Soils  having  SAR  values  greater  than  10-12  are  considered  all-callne 
and  are  limiting  to  plant  growth  and  establishment.     High  sodi'^-i 
decreases  plant  grov/th  by  affecting  plant  nutrition,  v;ater  use,  and 
soil  physical  properties  (Appendix  A). 

Germination  is  shown  as  the  percent  of  seeds  planted  vrhich  ger- 
minated.    Leaf  length  expresses  the  average  total  leaf  length  Der  pot 
of  the  three  tallest . leaves  measured  midvra}'-  througli  the  plant  growth 
"tests.     Productivity  indicates  average  vreight  per  pot  at  the  er.d  of 
the  tests.   The  leaf  length  for  the  control  soils  averaged  583  r~i  and 
production  averaged  1.045  g/pot. 

The  following  pages  discuss  each  drill  hole  separately  in  predict 
ing  reclam.ation  problems. 

Drill  Hole  3-1 

Drill  hole  B-1  contained  a  brown  sand  for  31  feet,  3  feet  of  Rose 
bud  smut,  5  feet  of  gray  sand,  13  feet  of  gray  shale,  and  then  KcKay 
coal. 
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The  hvo-.-m  s?.nd  did  not  inhibi^c  infiltrsticn  of  '.-.'Eter  (Figurs  1) , 
and  had  good  textural  qualities  vrith  an  average  of  o^r^  sand,  20%  silt, 
and  15%  clay  (Table  1).     Salts  and  sodiun  vfere  only  r.Dderrtely  high  in 
a  few  of  the  materials  sampled,  but  v/ere  quite  high  in  sore  of  the 
leachate  samples,  especially  from  those  around  15  feet.     SAR  values  "era 
not  high  even  v.-ith  the  high  sodirni  concentration  because  they  v:ere 
accompanied  by  a  high  calcium  and  magnesium  content.     Percent  germina- 
tion vfas  high  for  all  samples"  XT  able  2),  and  plant  grorrth  vras  excellent 
to  fair.    Phosphorus  would  be  a  limiting  plant  nutrient  in  much  of 
the  bro'.-.Ti  sand  poi^^ion  of  this  overburden.     This  material  appears  to  be 
a  good  plant  gi'^ov/th  m.edium  unless  subjected  to  large  quantities  of 
water,  in  v;hich  there  could  be  possible  salt  contamination  of  ground 
water.  .  •  -  ' 

•    The  Rosebud  smut  portion  of  this  overburden  ranges  from  ver}'  per- 
meable to  very  impermeable,  and  is  also  very  inconsistent  in  other 
characteristics  tested.     This  material~should  not  be  left  on  or  near 
the  surface  of  mine  spoils. 

The  gra^^  sand  from  this  drill  hole  does  not  appear  to  be  -orcble- 
matical  for  reclamation  purposes,  except  that  it  is  possibly  too  coarse 
to  have  a  satisfactory''  soil  moisture  capacity,  and  m.aybe  lov;  in 
phosphorous  (Table  1). 

The  gray  shale  vrould  not  be  a  good  plant  grovrth  medium  because 
of  its  ir.permeabiJ.ir>'  caused  by  excessively  high  silt  content.  Under 
greenhouse  conditions  planr  production  v;as  good,  but  catering  is  cor.a 
in  a  manner  that  tends  to  obscure  the  detrimental  effects  of  imper- 
vio'js  soils. 


Figure  1.  Rate  of  uatcr  flow  through  perrceability  test  apparatus  for 
samples  from  Line  B  hole  No.  1. 
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Drill  Hoia  B-2 

Drill  hole  B-2  contained  a  bro-.m  sand  for  the  first  25  feet. 
Rosebud  snut  for  2  feet,  gray  shale  for  4  feet,  then  7'cKey  coal. 

The  brovm  sand  section  of  this  drill  hole  is  qixite  peripeable 
(Figure  2)  and  has  good  textural  qualities  v.'ith  an  average  of  68%  sand, 
16%  silt,  and  16%  clay  (Table  3).     The  leachate  of  this  sa:.iple  is 
moderately  high  in  salts  and  sodium.     Germination  is  good,  and 
plant  production  is  good  (Table  4). 

The  Rosebud  smut  and  gray  shale  sections  of  this  drill  hole  vrere 
mixed  together,  ma]<;ing  an  interpretation  difficult.     However,  the 
sample  appeared  favorable  except  for  a  slovj  infiltration  rate. 

The  gray  shale  portion  of  this  drill  hole  appears  to  be  nontoxic, 
but- has  a  lov;  rate -of  infiltration,  malcing  it  unsuitable  for  a  plant 
grovjth  medium,  especially  on  undulating  mine  spoils. 

Dx-ill  Hole  B-3 

Drill  hole  B-3  contained  a  brovm  sand  for  10  feet.  Rosebud  smut 
for  2  feet,  gray  shale  for  7  feet,  and  then  McKay  coal. 

The  brovrn  sand  from  this  hole  appears  to  be  an  excellent  r.aterial 
to  be  placed  on  the  top  of  mine  spoils,  having  no  detrimental  character- 
istics (Figure  3). 

The  Rosebud  sm.ut  had  seme  gray  shale  mixed  in  it,  naJ<:ing  i-  a 
r.ore  suitable  m.aterial  but  not  amenable  to  good  plant  production 
(Table  5). 

The  gra}'  shale  frcn  this  dril]  hole  had  good  plant  grov.'th  and 
production,  permeabiliry ,  germination,  and  chemical  characteristics 
(Table  6).     However,  textural  qualities  '.-.■era  poor  but  '.,'ere  not 
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reflected  in  the  pcnneebxli-y  test. 

Drill  Hole  F-1 

Drill  hole  F-1  contained  a  brovrn  sand  for  19  fee-,  Rosebud 
srrut  for  3  feat.  Rosebud  coal  for  11  feet,  gray  shale  for  29  feet, 
and  then  McKay  coal.     Only  three  san^oles  vrere  obtained  from  this  hoi 
so  the  results  are  an.  average  of  each  ty-pe  of  material.' 

The  brc-.m  sand  from  this  drill  hole  has  excellent  physical  end 
chemical  characteristics  (Figure  but  supported  a  very  poor  plant 
gra/th  (Table  7). 

The  Rosebud  smut  laj^er  V7as  not  sampled,  and  only  fv.'o  sarnies 
were  obtained  from  the  deep    layer  of  gray  shale.     The  upper  portion 
of  gray  shale  v/as  found  to  be  impermeable,  but  the  lower  portion  v/as 
not.     Mechanical  characteristics  were  not  good  for  either  depth  of 
gray  shale,  and  plant  germination  was  poor  (Table  8).     This  layer 
would  not  be  recommended  for  spoil  surfaces  because  of  poor  infiltra- 
tion. 
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B-  2 


Figure  ?. .  Rate  of  V7ater  flovj  through  permeability  test  appartus  for 
samples  from  Line  B  hole  No,  2. 
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Drill  Hole  F-2 

Drill  hole  F-2  is  corr.prised  of  9  feet  of  brcv.-n  sand,  2  feet  of 
Rosebud  smut,  U  feat  of  gray  sEr.d,  3  more  feet  of  brov.T.  sand,  7  feet 
of  bra.m  shale,  10  feet  of  gray  shale,  and  then  iMcKay  coal.  One 
sa^ole  v;as  obtained  fron  each  la^'-er. 

The  brovm  sand  layer  appears  to  be  an  excellent  plant  grov.-th 
r.edium  except  for  high,  salts  in  the  leachate  analysis  CFigure  5) 
(Table  9).  ■  -  -  - 

The  Rosebud  smut  and  gray  sand  layers  vrere  high,  in  salts  and  had 
slcr.-r  infiltration  rates. 

The  brov/n  shale  layer  had  a  slcv;  infiltration  rate,  end  a  very 
Iot  moisture  percentage  at  field  capacity  (Table  30). 

The  gra^'  shale  layer  had  very  poor  textural-qualities  v/ith  9% 
sand,  H0%  silt  and  51%  clay.    This  sample  was  moderately  iir.p  erne  able 
and  had  a  very  lo-.v  moisture  percentage  at  field  capacitj'-. 

Drill  Hole  F-3 

Drill  hole  F-3  contained  14  feet  of  brovm  sand,  2  feet  of  Rosebud 
smut,  3  feet  of  brovfn  sand  and  shale,  3  feet  of  gra3'  sand  and  shale, 
and  then  licKay  coal.     One  sample  \;as  obtained  from  each  overburden 
layer. 

The  brc;:n  sand  layer  of  this  drill  hole  appears  to  be  an  excellent 
plant  growth  rcediuD,  v:ith  very  good  physical  and  cb.ei?i.cal  qualities 
(Figure  6)  (Tiible  11). 

The  Rosebud  strut  layer  shovred  a  very  high  salt  and  sodium  content 
in  the  leachate  analysis. 

The  brown  sand  ar.c  sha.le  porcion  had  good  chemical  and  physical 
qualities,  but  was  high  in  salts  and  sodium  in  the  leachate  analysis. 
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and  oroduced  poor  planL  gro'.-.'th  CTubl2  12). 

The  gray  sand  and  shale  layer  provided  good  olant  growth,  but 
had  poor  textural  qualities. 
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Discussion 


Liaes 


IS 


Most  of  tlie  bro;.-n  sand  between  the  Rosebud  and  KcKay  croplin 
dQinonstrated  acceptable  physical  and  cher^ical  properties  for  use  a; 
spoils  surface  raaterials  v;ithout  serious  detrir.ental  qualities. 
However,  a  high  salt  and  sodium  content  uere  occasionally  e^:hibited 
in  the  leachate  analyses.     This  material  should  serve  well  as  subsoil 
mediurn  on  vmich  to  ap^vly  good  quality  topsoil.     This  overburden 
•  material  could  be  usecT  on  the  surface  as  a  soils  substitute  with 
reasonable  assurance  of  water  infiltration  and  plant  growth.  Plant 
growth  would  be  dependent  on  supplying  essential  plant  nutrients. 

The  Rosebud  smut  layer  appeared  to  be  a  very  poor  plant  growth 
medium,  mainly  because  of  its  inconsistent  physical  and  chemical 
characteristics.   -  It  was  impermeable  in^n^any^ases ,  anJ  would  not  be  ; 
recommended  for  use  on  the  surface^of  spils."  It^should  instead  be  ; 
deeply  buried. 

The  gray  shale  portion' had  good' chemical:  characteristics,  and 
usually  supported  e>:cellent  plant  growth.     However,   its  tei-itural 
qualities  were  usually  too  low  in  sand,  resulting  in  a  low  rate  of 
infiltration..     If  this  material  must  be  left  on  the  surface  of  mine 
spoils,  it  should  be  done  only  in  conjunction  with  a  water  erosion  control 
system  such  as  a  surface  manipulation  treatm.ent,  mulching,  or  deep 
topsoiling.     This  material  would  be  bettor  buried  under  brown  sand  or  if 
necessary  it  could  be  used  as  a  bro;;n  sand  -  gray  shale  mixture. 

All  samples  were  low  in  plant  nutrients,  and  would  surely  require 
a  nitrogen-phosphorus  fertilizer  application  to  support  a  varied  ' 
plant  growth  cover.     As  e:.:pected.  none  of  the  san^ples  produced  as  =nuch 
plant  growth  as  the  greenhouse  soil  used  as  a  control.     Research  studies 
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indicate  that  seedings  on  nev;  spoils  respoivJ  draina tic-lly  to 


nitrogen  and  phosphorus  fertilizeri 
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Appendix  A.     Discussioa  of  saline-nlkni  :•  u-?  s'oixs. 

Host  saline  and  alkaline  soils  are  tae  result  of  deposition  of 
salts  during  evaporatio:i  11:07?.    a    v.'ater  tabla.     The  high  v/ater  table 
in  soite  cases  no  longer  exists,  but  rainfall  iray  have  been  insufficient 
to  remove  the  salts.     Occasionally  salinity  results  from  a  high  salt 
parent  naterial,  usually  a  marine  shale. 

Saline  soil  conditions  are  generally  classified  by  the  electrical 
conductivity  of  the  saturation  extract  (EC^)  v;hich  is  a  function  of  the 
salt  content  of  the  soil.     The  saturation  extract  is  related  to  the 
water  holding  capacity  of  the  soil,  usually  being  about  ti;ice  the 
field  capacity.     The  significance  of  electrical  conductivity  is  that 
it  is  a  iTieasure  of  the  salt  content  of  the  extract,   and  can  be  related 
to  plant  grovth  on  tVie  soil.     Research  has  shovrn  that  the  yields  of 
many  crops  are  restricted  if  the  conductivity  of  the  saturation  extract 
exceeds  4  cdllinohs  per  centiir.eter ,  and  the  soi].  is  considered  to  be 
saline.     Three  theories  or  categories  of  physiological  effects  of  salts 
on  plant  grovjth  have  been  studied:     (1)  soluble  salts  decrease  the 
availability  of  v/ater  to  plants  by  increasing  solute  suction;  (2) 
salts  act  v/ithin  the  plant  by  lov.'cring  the  free  energy  of  internal 
\;atcr  and  preventing  pliysiological  processes  that  require  v;ater,  and 
C3)  so.T.e  ions  are  directly  toxic  to  plants. 

Soils  that  have  excessive  concentrations  of  sodium  are  called 
alkaline.     Ca  and  Mg  are  the  principal  cations  found  in  the  soil 
solution .  aiiQ  on  the  exchange  cor".p].c.::es  of  nornal  soils  in  arid  regions, 
'.r.itn  excesfi  soluble  salts  accumulate  in  tiiese  soils,  N'a  frequently 
beco;:.e3  the  doi."'.iiiant  chlion  in  tiie  soli  soiuuion .     i'nui;,  sodium  ray 


ba  tlvci  predoudiisnL  catioii  to  '.vhich  the.  soil  has  bcc.i  subjected,  or 
it  nay  become  donilnant  ia  the  soil  solution,  because  of  the  precipita- 
tion of  Ca  and  Mg  compounds.  the  soil  solution  becor.es  concen- 
trated through  water  absorption  by  plants  cr  evaporation,  the  solubili 
liriLts  of  CaSO^,  CaCO^,  and  MsCO^    are  often  exceeded,  in  v.'hich  case 
they  are  precipitated  v;ith  a  corresponding  increase  in  the  relative 
proportion  of  Na.     Under  such  conditions,  a  part  of  the  original 
exchangeable  .Ca  and  Hg  is  replaced  by  Na.     At  equivalent  solutior* 
concentrations,  the  amounts  of  Ca  and  Mg  adsorbed  are  several  times 
that  of  Na.     In  general,  half  or  more  of  the  soluble  cations  r.ust  be 
Ka  before  significant  arr.ounts  are  adsorbed  by  the  exchange  co-plex. 
Therefore,  a  measurement  of  the  ratio  of  Na  to  Ca  and  Ilg  is  iirportant 
in  predicting  the  amount  of  Ka  that  v.'ill  be  present  on  the  exchange 
complex,     Sodiunr-adsorption-ratio  (SAR)  is  a  maasureinenL  of  this  ratio 
and  can  be  used  in  locating  soils  that  have  high  enough  concentrations 
to  be  dctrifiiental  to  plant  grovjth.     Soils  having  SAll  values  greater 
than  10  are  considered  alkaline,  and  usually  produce  decreases  in 
plant  growth.     High  Na  decreases  plant  growth  by  affecting  plant 
nutrition,  and  the  physical  properties  of  the  soil.     Alkaline  soils 
usually  have  a  very  much  reduced  perr.aability . 


APPENDIX  #3 


PEABODY  COAL  COMPANY 
BIG  SKY  MINE 
SOIL  SURVEY 
By 

John  L.  Parker 
Soil  Scientist 


Lambeth  Series 


The  Lambsth  Series  consists  of  moderately  deep  strongly  sloping 
v.'ell.  drained  soils.    The  soils  formed  in  loamy  material  v;eathered 
from  silty,  clayey  and  sandy  shales,  under  a  10  tc  16  inch  annual 
precipitation.    The  mean  annual  soil  temperature  ranges  from  UO 
to  U5  degrees  F,  and  the  mean  summer  temperature  is  66  to  72 
degrees  F,    The  natural  vegetation  is  mixed  grasses,  Torbs,  and 
shrubs.    The  frost  free  season  is  90  to  110  daj''s. 

The  surface  layer  for  6  inches  is  light  colored  silt  loam  a/er  a 
lightly  yellovrish  brovm  thinly  laminated  calcareous  silt  loaj?. 
subsoil.    The  natural  fertility  and  organic  matter  content  is 
medium  in  the  surface  layer  and  low  in  the  substratum.  Permeability 
is  moderate, 

A  representative  profile  of  Lambeth  silt  loam. 
Typifying;  Pedon; 

Al-0-6  inches,  grayish  brovm  (2.5y  5/2)  silt  loam,  dark  grayish 

brovm  (2,5y  4/2)  moist  vreak  fine  platy  structure  separating 
to  v/eak  very  fine  granular  structure;  slightly  hard,  friable, 
nonsticky,  nonplastic;  many  fine  and  very  fine  roots  and 
pores;  strongly  effervescent;  mildJ.y  alkaline,  jiz  7»A  to  7*8; 
gradual  boundary. 

Clce-6— 18  inches,  light  yellovdsh  brovm  (2.5y  6/3)  sil-t  loam,  li^t 

olive  brovm  (2.5y  5/3)  moist;  massive,  slightly  hard,  friable, 
nonsticky,  nonplastic;  many  very  fine  roots  and  pores  strongly 
effer^'^e scent;  moderately  alkaline  pH  7»9  to  8.4  fevr  splotches, 
seams  and  threads  of  segregated  lime;  diffused  boundary'. 
C2ca-18-48  inches,  pale  yellovj  (2.5y  7/3)  silt  loam,  light  olive  brovm 

(2.5y  5/3)  moist;  massive;  slightly  hard  Triable;  sli^tly 

effervescent;  moderately  alkaline;  pH  7»9  "to  8,0  fev; 

segregations  of  lime  in  seam.s,  threads  and  splotches, 

Fev;  nests  of  Gypsum  crystals  at  60  inches. 

Depth  to  bedrock  is  greater  than  5  feet.    The  surface  layer  ranges  from 
a  fine  sandy  loam  to  loam, 

Lambeth  soils  are  classified  according  to  the  7th  apprcxiraation  as: 
Ustic  Torriorthents,  fine-silty,  mixed,  calcareous,  frigid  family. 

Sxirface  layer  depth  ranges  frcTi  4  to  7  inches  thick,  and  depth  of 
removal  for  stripping  ranges  from  18  to  20  inches. 

Sample  is  designated 


200  Lambeth  silt  loam 


This  unit  occurs  on  gently  to  strongly  slopirig  upli'jids  belov/ 
sandstone  areas.  The  soiJ.  profile  characteristics  are  these 
described  as  representative  for  the  series. 

The  mapping  unit  consists  of  95  percent  Lambeth  so:ils  v?ith 
small  inclusions  of  Yavidiin  and  Tu'J-lock  soiis.    Tne  included 
soils  are  less  than  5  acres  in  si7,e  and  only  occupy  5  percent 
of  the  unit. 

Tne  unit  is  v;ell  drained,  runoff  is  medium  to  slov;  and  per- 
meability is  moderate.    The  available  water  holding  capacity 
is  moderate, 

Tne  unit  is  range.    Erosion  hazards  slight,  ^  v.. 


600  Lambeth      Tullock  Conplex 

The  unit  occurs  on  gently  to  strongly  slopi-ng  uplands.  The 
■    soil  profiles  are  similar  to  those  described  as  representative 
for  each  series.  •  • 

The  unit  consists  of  65  percent  Lambeth  soils  arxl  30  percent 
Tullock  soils,  vdth  small  inclusions  of  Yav.'dim  soils.  The 
included  soils  are  less  than  5  acres  in  size  and  less  than 
5  percent  of  the  area.    The  xinlt  is  vfell  drained,  runoff  is 
slov;  and  permeability  moderate. 

The  available  water  holding  capacity  is  moderate  to  lovf," 
Erosion  hazards  moderate. 

The  unit  is  range. 


Ringliiig  Series 


The  Ringling  Series  consiiJts  of  shallov/  gently  to  stror;gly  sloping 
well  drained  soils*    The  soils  foraed  in  loamy  material  vreathered 
fran  deep  porcelanite  shale  beds,  under  10  to  16  inch  annual  pre- 
cipitation.   The  mean  annual  soil  temperature  ranges  from  hU  to  46 
degrees  Fo    The  mean  sujrrme?'  tempe'ratiu-e  is  greater  than  62  degrees 
F,    Tne  frost  free  season  is  90  to  110  days.    Tno  natural  vegotation 
is  mixed  grasses,  forbs,  shriibs  and  pins. 

The  surface  layer  is  reddish  gray  slaty  loam  aver  a  very  chexim-ry 
porcelanite  bedrock.    The  natiu'al  fertility  and  organic  matter 
content  is  medium,    Per-meability  is  moderate  to  rapid» 

A  representative  profile  of  Ringling  slaty  loarrii. 

Typifying  Pedon;  "   '  '  r^  -  - 

Al-0-6  inches,  reddish  gray  (5y  5/2)  slaty  loam,  15  to  20  percent 
■  -        porcelanite  fragments,  dark  brown  (5y  3/2)  moist;  vreak  fine- 
crumb  structure;  soft,  very  friable,  nonsticky,  nonplastic; 
many  fine  and  very  fine  roots  and  pores;  neutral  fJI  6,5  to 
7»2;  clear  v/avy  boundary, 
CI-6-I5  inches,  pale  red  (lOr  6/2)  very  gravelly  loam,  50  to  80 
percent  porcelanite  fragments,  weak  red  (lOr  U/2  mottles 
of  weak  red  lOr  5/3  dusky  red  lOr  3/3)  massive;  soft,  very- 
friable,  nonsticky,  nonplastic;  many  fine  and  very  fine 
.  .  ■  roots  matted  betv;een  fragments  and  plates  of  shale;  neutral; 

pM  6,5  to  7»2;  abrupt  boundary. 
R— I5.-4B  inches,  fractured  bedrock  of  reddish  colored  porcelanite 
shale .  -  _ 

Depth  to  hard  porcelanite  shale  ranges  f ran  14  to  18  inches*  Per- 
centage of  porcelanite  fragments  ranges  from  15  to  20  percent  in  the 
.  surface  layer  to  as  much  as  85  percent  in  the  Cl  horizon,  Lim.e 
may  occur  at  15  inches  in  depth  in  some  profiles.    It  appears  on. 
the  underside  of  the  shale  fragments.    Loam  this  the  daiujiarrt  texture. 

Ringling  soils  are  classified  according  to  the  7th  appraomation  as: 
Lithie  KaploboroUs,  loamy-sketetal  mixed  family. 

Depth  of  surface  soil  ranges  from  4  to  7  inches.    Removal  layer  for 
stripping  is  between  4  to  5  inches,        ..      -  .    -   .  -  _ 

Sample  is  designated  on  map  as  ^#4,  . 


100  Ringling  staly  loam 


This  soil  occurs  on  gently  to  strongly  sloping  di\'ldes  and 
mesa  like  areas.    The  soil  profile  characteristics  are 
those  described  as  representative  for  the  series. 

The  mapping  unit  consists  of  95  percent  Ringling  soils  vrith 
inclusions  of  Tiillock  and  Lainbeth  soils.    Tne  included  soils 
are  less  than  5  acres  in  size  and  occupy  5  percent  of  the 
area. 

The  mapping  unit  is  v;ell  drained  v/ith  slow  runoff  and  moderate 
to  rapid  permeability.    The- available  water  holding  capacity 
is  moderate,  about  .63  to  2.00  inches  per  hour. 

The  unit  is  used  for  range.    Erosion  hazard  sli^t. 


Tullock  Series 


The  TLLLlock  Series  consists  of  moderately  deep  moderate  to  strongly 
sloping  v;ell  drained  soils,    Tne  soil  formed  in  sandy  materials 
weathered  from  sandstone  shale,  under  a  10  to  16  jjnch  annual  pre- 
cipitation. ^  The  mean  annual  soil. temperature  ranges  from  45  to  47  degre 
F.  ,  and  the  mean  annual  shimmer  temperatm^'o  is  60  to  75  degress  F. 
The  natural  vegetation  is  mixed  grasses,  foi^bs,  shrubs  ajid 
scattered  pine. 

The  surface  layer  for  6  inches  is  a  light  colored  i':me  sandj'  iLoam 
underlain  by  light  i^nello-v-dsh  brovm  fine  sandy  loani»    Tno  natural 
fertility  and  orgardc  matter  is  medium  in  the  surface  layer  and 
low  in  the  substratum*    Permeability  is  moderately  rapid, 

•  A.  representative  profile  of  Tullock . fine  sandy  loajn.  —  "-t:-\~~"— ~:: 

Typifying;  Pedon; 

'"A'i-O-S  inches.  grayish"brbxrri'  (Si 5y  5/2)  fine  ' sandy  loanii  dark "'gfayish""  '-- 
.  bro'.m  (2.5y  4/2)  moist j  vieak  fine  granular  stioicturej  soft,  . 
friable,  nonsticky,  nonplastic;  mamy  fine  and  very  fine  roots 
and  pores;  neutral  pH  6.6  to  7*3 j  clear  boimdary, 
Cl-8-24  inches,  light  yellovri.sh  bro'.m  (10  yR  6/4)  fine  sandy  loam, 
yellowish  bro^vn  (lOyR  5/4)  moist;  massive;  soft,  friable, 
nonsticky,  nonplastic,  fev;  fine  roots;  strongly  effervescent; 
mildly  alkaline  pH  7o4  to  7«8.    Clear  boundary, 
C2-24-48  inches,  bro'.-mish  yellow  (lOyR  6/6)  fine  sandy  loam,  pale 

"  yellow  (2,5y  7/4)  moist;  massive,  soft,  friable,  nonsticky,  "•" 
nonplastic;  violently  effervescent,  moderate  alkaline 

PH   7.9   to   8.4.  :..^.--r....r.-..      •.       1:      .   ..  '  ■    .    ,        ■    -  ^ 

Surface  layer  thickness  ranges  from  6  to  10  inches.    Removal  of  top-  ■ 
soil  can  be  between  16  to  20  inches.    Texture  ranges  from  loamy  sard  -'■ 
to  fine  sandy  loam,  -  "  '  ' 

Tullock  soils  are  classified  according  to  7th  approximation  as  Ustic 
Torripsamments,  mixed,  fa>mily,         '  _  .  ■.;    .     /■  ,,  -  ' 

Sample  is  designated  on  map  as  S  #2=  .  -  .. 


700  Tullock  fine  sandy  loam 


This  unit  occurs  on  moierate  or  strongly  sloping  uplands. 
The  soil  profile  characteristics  are  representative  of  the 
series. 

The  mapping  unit  consists  of  95  percent  Tullock  soil  and 
5  percent  yav.'dim  soils.    The  included  soils  are  less  than 
5  acres  in  size. 

The  unit  is  well  drained,  nunoff  is  slow  ard.  permeability 
is  rapid.    The  available  water  holding  capacity  is  lovr. 
Erosion  hazard  is  slight.    The  unit  is  range. 


500  l^iilock  —  Yavdim  Complex 


This  mapping  unit  occurs  on  moderately  to  steeply  sloping 
uplands.  The  soil  profile  characteris'bics  aire  similar  to 
those  described  as  representative  for  each  r;eries. 

The  mapping  unit  consists  of  75  psrcent  Tullock  soils,  20 
percent  Yav;dim  soils  and  5  percent  Lambeth  soils.. 

The  unit  is  vrell  drained,  runoff  is  slov;  and  erosion  hazard 
moderate.    The  available  vjater  holding  capacity  is  lovr. 
The  unit  is  range. 


Yawdim  Series 


rna  Ya-.-dim  Series  consists  of  shallo-.T  moderately  or  strongly  sloping 
aSS  s^eeTveS  draizied  soils.    Tne  soils  forrr.ed  frc-m  laarry  ir^terxals 
withered  ^o^;  silty,  clayey  and  sandy  shale,  ^mder  a  10  to  16  xr^h 
annijal  precipitation. 

rre  r-an  annual  soil  temperature  is  h5  to  kl  degrees  F.  aM  a  mean 
siLe";  ?e^rature  of  65  to>70  degrees  F.    Tnd  frost  free  season  xs 
90  to  110  days.  . 

rne  surface  U  i^-oh  layer  is  a  light  bro^mish'  gray  silty  clay  loam 
underlain  by  siltstone,  sanistone  arxi  clay  shale,    ine  natural 
fertility  arid  organic  matter  content  is  low.    Permeability  is  slow. 

A  representative  profile  of  Yavjdiin  silty  clay  loam. 

T>T>ii':/ing  Pedont.  J' ^  '       ■  ■  ■  -r;-^-'," ::'\  "  -  — 

Al-O-4  inches,  light  brovmlsh  W  (2.5y  6/2)  silty  clay  loam,  dark^ 
-      Sayish  hZm  (2.5y  h  2)  moist;  weaic  fa^e  platy  to  gran^alar 

Siicture;  haixi,  friable,  sticky,  plastic;  sligntly  eiiervescen. 
mildly  allcaline;  pH  7o4  to  7-8;  clear  wavy  boundary. 
Cl-L-16  inches,  light  yellovrish  brovm    2.5y  6/4)  silty  clay  loan,  li^t 
^    ^       Siv^  browf  (2.5y  5/6)  moist;  massive;  hard,  friable  sticky, 

plastic,  few  unweithered  shale  fragm.ents,  stron&Ly  efiervescent 
mo-derately  alkaline  pH  7-9  to  8.4.    Abrupt  bo-ondary. 
R-I6+  light  olive  mottled  shale. 

Surface  layer  ranges  from  3  to  6  inches.    Removal  layer  for  ^tripping 
irb^tween  10  arii  12  inches.    Depth  to  shale  bedrock  ranges  fro-  10  t^o.. 
■20  inches.^.  _        _^  ■  •.  .'. .    .     .  . 

'  Ya.^dim  soils  ar^e"  classified  according  to  W  7th' approxi^^^^  Typic 
Usticiorthent,  clayey,  mi^ed,  calcareous,  frigid  lamily.  •       •  ■  • 

Sample  is  designated  on  map  as  (^#3.         ;    '      ■    '  .    .  :. 


3CXD  Yawdim  -  Rockoutcrop  Association:  ■  -  • 

This  napping  unit  is  aji  association  of  Yav/dim  soils  and 
sandstone  rockoutcrops,    Tno  predoadnaxrt  features  of  the 
imit  is  the  high  percentage  of  barren  shale  and  sardstone 
outcroppings.    The  steep  sandstone  cliffs  are  soTietimes 
capped  vri.th  a  red  porcelinate  shale. 

The  unit  is  very  steep.    The  Ya'.itiim  soils  occupies  the 
narrov/  divides  and  bench  areas  of  the  unit.    The  occurance 
of  otrur  so;l1s  are  no!^  predictable  in  the  landscape.  ?j-u>- 
off  is  rapid  ajid  erosion  hazard  severe  j  per-meabllity  is 
slov7»    Available  water  holding  capacity  is  very  lov/.  The 
unit  is  used  for  range. 


800  Mined  Undifferentiated  Area 

This  area  is  the  mined  area  that  is  boing  reclairr.od.  The 
soil  is  imdifierentiated. 


400  Alluvial  Lands 

"  This  unit  consists  of  deep  AJLluvial  soils  on  flood  plains  of 
the  streams.    Tney  consist  of  imdif ferentiated  material. 
The  soil  vrLll  range  fro:^  very  deep  to  shall ovf.    The  stream 
channel  has  rr.eandered  through  the  unit. 


Th.e  soil  material  consists  of  old  and  recently  laid 
materiaJ-.  '  ' 
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PnOVIOED  BY 
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DESCRIPTIONS  CF  SOIL  SERIES 
for 

SOIL  SURVZY  Or  PEA30DY  COAL  COi-IPANY 
BIG  GKY  ,Mi:jE  tIEAR  COLSTRIP,  /lONTANA 


Soil   Survey  Pr-spared  by 
~     John  L.  P^^rker 
ard 

Co-npl3ted  by  /"lontsna  Testing  Laboratcri3s 
Ja'-'es  iMsshnick  Soil  Scientist 

Ernest  Hogan  Soil  Scientist 

Raynond  T.   Choriki  Soils  Specialist 


HCW  THIS  SU.IVEY  MADE 

Soil   sci'^ntists  "ladr;  this  s'jrve/  to  learn  vihat  kind  of  soil   am  in  the 
Col  strip  aroa,.  'vherp  they  are  located,  and  to  vhat  extent  each  soil  can 
be  stockpiled  '^or  rec'aiming  the  land  2fter  strip  nining.     The  soil 
scientists  'vcnt  into  ths  area  knov/inn  thr;y  lik'^ly  '-^ould  find  many  soils 
they  had  alrca'^y  seen  and  perhaps  z'^^e  they  h3d  not  seen.     They  observed 
the  steepness,   length   ,   ?nH  shop"  of  the  slopes,  the  kinds  of  native 
plants  or  crops,  the  kinds  of  rock,  and  nany  facts  about  th"  soils.  Tl-,ay 
dug  "'any  holes  to  expose  soil   profiles.     A  profile  is  the  sequence  of 
natural   layers,   or  horizons,   in  a  soil.     It  extends  fron  the  surface  Ho'.;n 
into  the  parent  material   that  has  not  been  changed  nuch  by  leaching  or 
by  the  action  of  plant  roots. 

The  soil   scient^'sts  pade  comparisons  among  the  profiles  th^y  studied, 
Sid  they  compared  these  profiles  with  those  in  counties  nearby  and  in 
places  more  distant.     They  classified  and  raned  the  soils  according  to 
na  t  i  on'.-/i  de,  uni  f  on  procedures.     The  soi  1   ser  i  es  and  the  soil   phase  =ire 
the  categories  of  soil   classification  fTiost  used  in  this  survey. 

Soils  that  have  profiles  alnost  alike  make  up  a  soil   series.     Except  for 
different  texture  in  the  surface  layer,  all   the  soils  of  one  series  have 
najor  horizons  that  are  sinilar  in  thickn-^ss,  ar range.v.ent ,  and  other  impor- 
tant characteristics.     Each  soil   series  is  naned  for  a  tc/n  or  other  geo- 
graohic  feature  naar  the  place  ..here  a  soil  of  that  series  '.'as  first 
ob-^arved  and  -capped.     Cushmen  a.id  El  so,  for  exa-iple,  af-'->  the  names  cf  t\io 
soil   seric.:.     -11   the  soils  in  th'-  'Jni  tod  States  having  the  sane  series 
nane  are  essentially     alike  in  there  characteristics  that  affect  th-'ir 
behavior  in  the  undisturbed  lan-^s-^ape. 


Soils  o^^  one  series  can  differ  in  text'jrc  "f  the  surface  layer  and  in 
slopo,   stonineso,  or  some  other  characteristic  that  affect  usa  of  the 
soil   by  man.     On  the  basis  of  such  differences,   a  soil   series  is  divided 
into  phases.     The  name  of  a  soil   phase  indicates  a  feature  that  affects 
mananement .     For  example,   McRae  loam  is  one  of  several   phases  within  the 
.McRae  series. 

After  a  guide  for  classifying  and  naming  the  soils  had  bean  worked  out, 
the  soil   scientists  drew  the  boundaries  of  the  individual   soils  on 
aerial   photographs.     These  photographs  show  drainages,  buildings,  field 
borders,  trees,  and  other  details  that  help  to  dravi  boundaries  accurately. 
The  soil   b-^undarics  v;ere  later  transferred  to  the  accompanying  topographic 
nap  v/hich  is  drav/n  to  a  scale  of  1"  =  230'.     Countcur  inti^rval   is  5  feet. 

In  most  areas  surveyed,   there  are  places  where  the  soil   material   is  so 
rocky,   so  shallov;,   so  severely  eroded,  or  so  variable  that  it  has  not  been 
classi'f^ied  by  soil   series.     These  places  are  shown  on  the  soil  map  and 
are  described  in  the  survey,   but  they  are  called  land  types  and  are  given 
descriptive  names.     In  the  Col  strip  area  a  miscellaneous  land  type  is  in 
complex  '.-nth  a  soil.     An  example  of  this  is  Shale  Outcrop-El  so  complex, 
very  steep. 

V'hila  the  soil  survey  v/as  in  progress,  soil  scientists  took  soil  samples 
needed  for  laboratory  •""easurcnents  and  for  engineering  tests.  Laboratory 
data  from  the  same  kind  of  soil   in  other  places  are  also  ass'^mbl  ed . 


IDENTIFICATION  LEGEMO 
PEA30DY  COAL  COMPANY 


depth  in  Feet 

map  Suitable  For 
syribol  Soi  1   Name  "tockpi  ^  i  nc 

100  Ringling  Slaty  Loam  0 

200  Lambeth  Silt  Loam  2 

300  Yawdim-Rock  Outcrop  Association  0 

f+00  Alluvial   Soils  5  + 

500  Tul 1 ock-Yawdim  Complex  1-2 

600  Lambeth-lL.!!  ock  Complex  2 

700  Tul lock  Fine  Sandy  Lo?m  2 

800  Mined  Undifferentiated  Ar-^a 


PP.QCZD'JRr?.  FOR  SOIL  SAMPLING  FO-''  LABORATORY  ANALYSIS 

So"M   sample's  For  'o.boratory  ?na1ysis  •wer'^  cn]  ]  e.cted  from  hand  dug  pits. 
Individual   hori  :70ns  ,descri  bed  and  identifi'jd  according  to  procedures  out- 
lined in  '\qricu1turG  Handbook  Mo.   13,   ?oi  ^   SLirvgy  Manual    'JS^A,  v/ere 
sampled.     Quart  size  samples  v/ere  taken  of  oach  significant  horizon  from 
a  vertical   section  o*^  the  pit.     Horizons  b?!ow  30  inches  wer-?  sanoled 
vvi  th  a  hand  auger  or  nechanical   soil  probe. 

Soil   pr'ifiles  were  selected  to  represent  the  central   concept  of  the  soil 
series  v/ithin  the  survey  area  where  ranges  in  characteristics  were  s-ti-^I  1  . 
t'here  soil   characteristics  ranged  broadly  the  profiles  '>/ere  selected 
to  represent  the  extremes. 


U5E!>  OF  THE  SOIL  SUf^VEY  AND  LABQPATORY  ANALYSIS 

The  soils  "lap,  together  v/ith  the  laboratory  analysss  r^f  tho  soils  v/ithin 
the  survey  or  ria,  f  urni  sh  infornation  useful    in  prodictinn  soil  behavior 
for  several   purposes.     Engineers  use  the  infornstion  in  predicting  stabil- 
ity oF  slopes  on  earth  structures,   ease  of  soil    Tonpacti'^n,  susceptibility 
to  piping,  perneability  and  corrosion  of  buried  netals  and  concrete.  Agro- 
nomists find  the  informatirn  useful    in  naking  estimates  of  kinds  and 
amounts  of  usable  -laterifll    for  rese^dinn  nine  areas;    for  crop  selection 
an-^  varieties,   f3rtility  treatnents,   and  reclamation  of  soils  v-yi  th  special 
chemical   deficiencies.     Land  use  planners  can  u?e  the  indorsation  in 
selecting  and  laying  cut  building  sites,  parks,  roads  and  industrial  areas. 

In  conjuncti-'n  v/ith  a  range  isite  survey .  pr^di  ct  i  ons  can  be  naJe  on  suit- 
ability ''f  th'^  soils  for  groving  n-itivs  ind  introduced  grass  species. 


GENERAL  QESCRIPTIO^j  OF  THE  A^EA 

Th'^  coil  survey  of  th?  PcaboJy  A.-f^a  is  in  soutlr^astern  fbntan?.  It  is  a 
approximately  10  miles  west  and  kO  mi  1 °s  south  of  Forsythe,  Montana. 

Ths  vsgetaticp  ir,clu':!33  v/sstarn  v/heat  grass,  blue  bunch  v/heat  grass, 
n^ddla  and  thread,  blu'?  grass,   sadges,  pr.nirii?  sansrced,   Idaho  fescu?. 
and  other  desirabl?^  and  undesirable  species.     Forb  of  various  species 
are  a1 so  present . 

Fcr  this  ri^port  najor  er"phasis  will   b=>  placed  on  the  various  soils  th^t 
i7er'3  napped  and  th--;  interpretation  of  tha  results  of  th'^se  soils  for 
stockpiling  pu-poses,  v.'hich  ^'^^]]   be  used  to  sstablish  and  ;a3intair.  ad??- 
qu3t2  covar  growth  after  mining  operations  have  ceased. 

Th :  legend  for  each  soil   series  are  sho'.«/n  in  Exhibit  1  v/ith  the  corre- 
sponding nap  symbol.     The -descr i pti on  for  each  horixon  of  all   series  are 
discussed  separately.     The  soil  analysis  and  interpretation  are  also 
discussed  separately.     The  soil   analysis  and  i nterpratation  are  also 
discussed  in  a  separate  report. 


LAMBETH  SERIES 


The  Lanbeth  Series  consists  of  deep  strnngly  sloping  \ie]]   drained  soils. 
The  soils  for'-^ed  in  loany  naterial  "weathered  fron  silty,  clayey  and  sandy 
shales,  under  a  10  to  16  inch  annual  precipitation.     The  mean  annual  soi! 
temperature  ranges  from  1^0  to  kS  degrees  F.  and  the  mean  sunner  te-'per- 
ature  is  6S  to  72  degrees  F.     The  natural  vegetation  is  nixed  grasses, 
forbs,  and  shrubs.     The  frost  free  season  is  90  to  110  days. 

The  surface  layer  for  6  inches  is  light  colored  silt  loan  ever  a  lightly 
yellowish  brown  thinly  laninated  calcareous  silt  loam  subsoil.     The  natural 
fertility  and  organic  natter  content  is  nediun  in  tho  surface  layer  and 
low  in  the  substratum.     Perneabi 1 i ty  is  moderate. 

A  representative  profile  of  Lambeth  silt  loam. 

Typi^yin^  Pedon: 

AI -0-5  inches,  grayish  brov/n  (2.^y  5/2)  silt  loam,  dark  grayish  brown 
(2.5y  ^/2)  moist  weak  fine  platy  structure  separating  to  .veak 
very  fine  granular  structure;  slightly  hard,  friable,  nonsticky, 
nonplastic;  many  fine  and  very  fir.e  roots  and  pores;  str-^ngly 
effervescent;  nildly  alkaline,  pH  7-^  to  7-3;  gradual  boundary. 

Clca-6-lS  inches,   light  yellov/ish  brov/n  (2.5y  6/3)  silt  loam,   light  olive 
bro'./n  (2.5y  5,^3)  moist;  nassive,  slightly  hard,  friable  nonsticky, 
nonplastic;  many  very  fi^e  roots  and  pores  strongly  ef f ervescest; 
moderately  alkalino-pH  7.9  to  8.k  few  splotches,   seams  and  thre?ds 
of  segregated  lime;  diffused  boundary. 

C2c=i-l8-i+8  inches,  pale  yellov/  (2.5y  7/3)  silt  lo;:m,   light  oliv  brown 

(2.5y  5/3)  moist;  massive:  slightly  hard  friable;  slightly  effer- 
vescent; moderately  alkaline;  pH  7-9  to  8.0  few  segregations  of 
of  lime  in  seams,  threads  and  splotches.     Fe'-'  nests  of  Gypsum 
crystals  at  60  inches. 

Depth  to  bedrock  is  greater  than  5  feet.     The  surface  layer  ranges  from 
a  fine  sandy  loam  to  loam. 

Lambeth  soils  are  classified  according  to  the  7th  approximation  as: 
Ustic  Torri orthents ,   fine-silty,  nixed,  calcareous,   frigid  family. 

Surface  layer  depth  ranges  from  h  to  7  inches  thick,  and  d<'pth  of  removal 
for  stripping  ranges  from  13  to  20  inches. 

Sample  is  designated  on  map  as   (S)  ^] . 


200  Lambeth  silt  lca.-:i 


This  unit  occurs  on  rjently  to  strongly  sloping  uplands  below  sand- 
stone areas.  The  soil  profile  characteristics  are  those  describ3d 
as  representative  for  the  series. 

The  mapping  unit  consists  of  95  percent   Lanbeth  soils  "ith  small 
inclusions  of  Yawdim  and  Tullock  soils.     The  included  soils  are  less 
"  than  5^3cres'Tn  size  and  only  occupy:-5  percent  of  the  unit. 

The  unit  is  well  drained,  runoff  is  medium  to  slow  and  permeability 
is  moderate.     The  available  water  holding  capacity  is  moderate. 

The  unit  is  range.     Erosion  hazards  slight. 

R'";coi"'mend3ti ons  fnr  Stockpiling: 

The  upper  ?  feet  of  this  soil   is  suitable  for  stockpiling.  Belov-/ 
this  approximate  depth  gypsum  salts  are  commonly  visible  making  this 
soil   unsuitable  for  stockpiling. 


609  Lambeth  -  TuHock  Complex 


The  unit  occurs  on  gently  to  strongly  sloping  uplands.  The  soil 

orofiles  are  siniler  t'^  those  described  as  representative  for  each 
ser  i  es . 

The  unit  consists  of  65  percent  Lanbeth  soils  and  30  percent  Tullock 
soils,  with  snail    inclusions  of  Yav/dim  soils.     The  included  soils 

are  less  than  5  acres  in  size  and  less  than  ?  percent  of  the  area. 

The  unit  is  v/el  1  drained,  runoff  is  slow  and  perneability  moderate. 

The  available  '.-ater  holding  capacity  is  moderate  to  ]o:i.  Erosion 
hazards  moderate. 

The  unit  is  range. 

Recommendations  for  Stockpilino: 

The  soil   material   above  the  bedrock  or  to  a  depth  of  about  2  feet, 
is  suitable  for  stockpiling.     Locally,  on  the  lo-..er  slopes,  these 
soils  may  be  suitable  to  a  depth  of  3  or  h  feet.     The  deeper  soils 
occur  on  the  side  slopes  b.'^lo'.v  and  between  the  knolls  and  ridges. 

The  sandstone  underlying  the  Tullock  soi '   is  1 ov;  in  organic  matter 
and  natural   fertility.     The  silty  shale  underlying  the  Lambeth  soil 
is  slowly  permeable  and  commonly  contains  gypsum  salts. 


RIMGiriG  SERIES 


Th?.  Ringling  Sen' os  consists  of  shallow  g^-itly  to  strongly  sloping  './-si  1 
drained  soils.     Th 3  soils  formed  in  loamy  naterial  v/eathered  fron  deep 
percelanitc  shale  bads,  und^r  10        16  inch  annual  precepi tati on.  The 
rrif^an  annual   soil   tenperaturf;  ranges  fron  l^k  to  ^6  degrees  F.     The  rrean 
surnar  tc-^peratur e  is  greater  than  62  degrees  F.     The  frost  free  season 
is  90  to  110  days.     The  natural  vegetation  is  nixed  grasses,   forbs, shrubs 
ar,''  pine. 

Th:  surface  layer  is  reddish  gray  slaty  loan  over  a  very  channery  pcrce- 
lanite  bedrock.     The  natural   fertility  an'"  organic  natter  cont-^nt  is 
medi'jn.     Perneability  is  noderate  to  rapi''. 

representative  profile  of  Ri  noli  no  sla^y  loan. 

Typi  Py i  m  Pedon : 


AI-0-6  inthes,  reddish  gray  (5y  5/2}  slaty  loan,   H  to  20  p^'-cent  por- 
celanite  frsgnents,  dark  bro'/n  (5y  3/2)  mois:;  v-,eak  fine  crunb 
structure;  soft,  very  f^-iable,  nonsticky,  nonplastic;  many  fin" 
and  very  fine  roots  and  poresj  neutral  pH  6.5  to  7.2;  clear  •-■■avy 
boundary . 

CI-6-I5  inch<^3,  pale  rsd  ('Or  6/2)  very  gravelly  loan,   50  to  80  percent 
porcelanite  fragnents,  weak  red  (lOr  k/Z  nottles  of  v/eak  red  lOr 
5/3  dusky  red  lOr  3/3)  nessivej  soft,  very  friable,  nonsticky, 
neoplastic;  nar.y  fine  and  "cry  fine  r'^ots  nattad  bet'./esn  frag- 
nents an-*  plates  of  shale;  neutral;  pH  6.5  to  7-2;  abrupt  b-vj^'^ary . 

R-]h-'-:3  inches,  fractured  bedroc!;  of  reddish  colored  porcelanite  shale. 

Depth  to  hard  porcelanite  sh^le  ranges  fron  ]'■:■  to  18  inches.  Peroenteg-- 
^f  porcc'enito  fr  arnents .  ranges  fron  15  "to  20  percent  in  the  surface 
layer  to  as  nuch  as  85  percent  in  the  CI   horizon.     Line  nay  occur  at 
15  inches  in  depth  in  sone  profiles.     It  app^ir?  on  the  underside  of  the 
shale  f r^g;-i.:nts .     Loan  is  ths  dc.ninant  texture. 

Singling  soils  are  classified  according  to  the  7th  approxination  as: 
Lithie  1-iepl  oborol  1  s,   1  oeny-skel  etal  nixed  fanily. 

Oepth  of  surface  soil   ranges  fro-^  h  to  7  inches.     Rc.noval    layer  for 
st.-ipping  is  between  h  to  5  inches. 

Se.v.pl  3  is  c'.  signated  on  nap  as  {£) 


103  Ringlir^  slaty  loarn 


This  3oi!   cccur:i  on  ^ontly  to  str'-ngly  sloping  divi':lcc  ar.d  "^sb 
like  araas.     Th3  soil  profile  characteristic:;  ara  thosa  dcs-^'bcd 
as  representative;  for  th-?  scries. 

The  .-'apping  'jnit  consists  of  ?^  percent  Ringling  soils  '.vith  inclu- 
sions of  Tullock  and  La-ibeth  soils.     The  included  soils  are  less 
than  5  acres  in  size  and  occupy  5  percent  of  the  area. 

The  Tiapping  unit  is  v/al  1  drainer!  i.-ith  slo"-/  runoff  and  moderate  tc 
rapid  per-'eabi  1  i  ty  .  The  available  v.-ater  holding  capacity  is  ncd- 
erate,  about   .63  to  2.0  inches  per  H^.jr. 

The  unit  is  used  for  range.     Erosion  hazard  slight. 

"ec •;"nendat i ons  for  Stockpiling: 

Because  of  shallo'.;  depth  to  hard  rock  end  the  high  psrcentag---  of 
coarse  fragments  above  the  bedrock,  this  soil   is  not  suitable  for 
stockpi 1 i  ng . 


TULLOCr.  SERIES 


The  Tullcck  Series  consists  of  noderately  desp  nodcrate  to  strongly 
slrping  v;el  1  drained  soils.     Th"?  soil   ferried  in  sandy  materials  v/aa- 
thered  fr^n  sandstone  shale,  un-'^r  a  10  to  16  inch  annual  precipita- 
tion.    The  maan  annual  soil   terperatura  ranges  fron  hS  to  1^7  degrees  F. , 
and  the  'nean  annual   sunner  tenperature  is  60  to  75  degrees  F.  The 
natural  vegetation  is  mixed  grasses-   forbs,   shrubs  and  scattered  pine. 

The  surface  layer  for  6  inches  is  a  light  colored  fine  sandy  loam  under- 
lain by  light  yellowish  brown  fine  sandy  loam.     The  natural  fertility 
and  organic  matter  is  medium  in  the  surface  layer  and  Ic./  in  the  sub- 
stratum.    Permeability  is  moderately  rapid. 

A  representative  profile  of  Tullock  fins  sar.dy  loam. 

Typifying  Ped:)^: 

A1 -0-8    inches,  grayish  brown  (2.5y  5/2)  fine  sandy  loam,  dark  grayish 
brov;n  (2.5y  -r/2)  moistj  v/eak  fine  granular  structure;  soft, 
friable,   nonsticky,   nonplastic;  many  fine  and  very  fine  roots 
and  pores;  neutral  pH  5.6  to  7.3j  clear  boundary. 

C!-3-2'h  inches,  light  yellowish  brcv.n  (lOyR  G/'-i)  fine  sandy  loam, 

yelIo;.ish  brown  (lOyR  S/^]  moist;  massive;  soft,  friable,  non- 
sticky,  nonplastic,_  few  fine  roots;  strongly  effervescent;  mildly 
alkaline  pH  7-^  to  7.8.     Clear  boundary. 

C2-2':-i^S  inches,  brownish  yellow  (ICyR  6/5)  fine  sandy  loam,  pale  ysllow 
(2.5y  7A0  moist;  massive,  soft,  friable,  nonsticky,  nonplastic; 
violently  effervescent,  moderate  alkaline  pH  7-9  to  8.'^. 

Surface  layer  thic!;ness  ranges  from  6  to  1 0  inches.     Removal   of  top  soil 
can  be  bet'./een  1 6  to  20  inches.     Texture  ranges  from  loamy  sand  to  fine 
sandy  loam. 

Tullock  soils  are  classified  according  to  7th  approximation  as  'Jstic 
Torripsa'-ments,  mixed,  family. 

Sa-T'pl  e  is  designated  on  map  ?s  S  "2. 


700  TuPock  fir.p  sandy  loam 


This  unit  occurs  on  mof^'^rate  or  strongly  sloping  uplands.  The 
soil   pr'^file  chsracteri  sties  arr;  representative  of  the  series. 

T        The  mapping  unit  consists  of  95  percent  Tullock  soil   and  5  percent 
Yawdim  soils.     The  included  soils  are  less  than  5  acres  in  size. 

The  unit  is  '.'ell   drained,   runofF  is  slow  and  perneabi  1  i  ty  is  rapid. 
The  available  water  holding  capacity  is  low.     Erosion  hazard  is 
slight.     The  unit  is  range. 

Recormendati ons  for  Stockpiling: 

All   the  soil   above  the  bedrock  is  suitable  for  stockpiling.  The 
soil   depth  is  nainly  about  2  feet  but  locally  is  'i  or  5  feet  where 
slopes  are  concave  or  slope  gradient  is  less  than  6  percent. 

Natural   fertility  and  v/ater  holding  capacity  decrease  rapidly 
below  12  inches. 

The  underlying  sandstone  in  the  upper  foot  is  veathered  sufficiently 
for  excavation  but  is  low  in  natural    fertility  and  v/ater  holding 
capaci  ty . 


500  Tul'ock  -  Y--wdin  Complex 


This  r.appirg  unit  occurs  on  moderately  to  steeply  sloping  uplands. 
Th'2  soil  profile  characteristics  are  similar  to  those  described 
as  representative  for  each  series. 

The  napping  unit  consists  of  75  percent  Tullock  soils,  20  percent 
Yawdini  soils  and  5  percent  Lambeth  soils. 

The  unit  is  drained,   runoff  is  slo./  and  erosion  hazard  "-.ori^rate. 

The  available  i/ater  holding  capacity  is  lev/.     The  unit  is  ranc'e- 

Recorifnendat i ons  for  Stockpiling; 

The  soil  material   above  the  bedrock  is  suitable  for  stockpiling. 
The  Tullock  sandy  loam  in  the  conplex,  is  suitable  for  stockpiling 
to  a  depth  of  about  2  feet.   Locally  it  is  suitable  to  a  depth  of 
3  feet  or  inore. 

The  Yawdin  soil   is  suitable  to  a  depth  of  about  1   foot.     Selovj  this 
approxinate  depth  the  underlying  shale  is  slo'/ly  per-r'eable  and 
commonly  has  pockets  of  gypsum  salts. 


YAWDIM  SERIES 


The  Yawdim  Ssrics  consists  of  shall ov/  nodarately  or  strongly  sloping  snd 
steep  v;el 1  drained  soils.     The  soils  formed  from  loany  naterials  weathered 
from  silty,  clayey  and  sandy  shale,  under  a  10  to  16  inch  annual  precipi- 
tation. 

The  mean  annual   soil    temperature  is  h},  to  hf  dagrees  F.  and  a  mean  sunrner 
temperature  of  65  to  70  degrees  F.     The  frost  free  season  is  90  to  110  days. 

The  surface  i'-  inch  layer  is  a  light  brownish  gray  silty  clay  loam  under- 
lain by  siltstone,  sandstone  and  clay  shale.     The  natural   fertility  and 
organic  natter  content  is  low.     Permeability  is  slov;. 

A  representative  profile  of  Yawdim  silty  clay  loam. 

Typifvinn  Pedon: 

Al-0-^    inches,   light  bro',.'nish  gray  (2.5y  6/2)  silty  clay  loan,  dark 
grayish  brown  (2.5y  ^/2 )  moist;  weak  fine  platy  to  granular 
structure;  hard,  friable,  sticky,  plastic;  slightly  effervescent; 
mildly  alkaline;  pH  7  .h  to  7-3;  clear  v/avy  boundary. 

Cl-^-l6  inches,   light  yellowish  brown  (2.5y  S/h)  silty  clay  loam,  light 
olive  brov;n  (2.5y  5/6)  moist;  massive;  hard,  friable,  sticky, 
plastic,   fev/  unweathered  shale  fragments,  strongly  effervescent; 
moderately  alkaline  pH  7-9  to  8.'i.  Abrupt  boundary. 

R-16+      light  olive  mottled  shele. 

Surface  layer  ranges  from  3  to  6  inches.     Removal   layt:r  for  stripping 
is  between  10  and  12  inches.     Depth  to  shale  bedrnck  ranges  from  10  to 
20  inches. 

Yav/dim  soils  are  classified  according  to  the  7th  approximation; 
Typic  Usticicrthent,  clayey,  mixed,  calcareous,  frigid  family. 

Sample  is  designated  on  map  as   (S)  ^3 • 


333  Yawdii'n  -  Rockoutcrop  Association: 

This  r.apping  unit  is  an  association  of  Yawdin  soils  and  sandstone 
rockoutc.'-ps .     The  predominant  f-r^atures  of  the  unit  is  the  high 
percentage  of  barren  shale  and  sandstone  outcroppi ngs .     The  steep 
sandstone  cliffs  are  sonetines  capped  v/ith  a  red  porcelinate  shale 

The  unit  is  very  steep.     The  Yawdin^  soils  occupies  the  narrow 
divides  and  bench  areas  of  the  unit.     The  occurrence  of  other  soil 
are  not  predictable  in  the  landscape.     Runoff  is  rapid  and  erosion 
hazard  severe;  pemeability  is  slow.     Available  water  holding 
capacity  is  very  low.     The  unit  is  used  for  range. 

Reccnnmendat i ons  for  Stockpiling; 

Because  of  the  high  percentage  of  rock  outcrcp,  very  shallow  depth 
of  soil  and  rough  terrain,  these  areas  have  little  or  no  soil  that 
is  suitable  for  stockpiling. 


830  Mined  Undifferentiated  Area 


This  area  is  the  nined  area  that  is  being  reclained.  I'm  soil  is 
undifferentiated. 


'^00  Al  1  uvi al  l^nds 


This  unit  consists  of  deep  Alluvial   soils  on  flood  plains  of  the 
streams.     They  consist  of  undifferentiated  mat'^rial.     The  soil  will 
range  fron  very  deep  to  shall  ov;.     The  stream  channel   has  neandered 
through  the  uni  t . 

The  soil  matr^rial   consists  of  old  and  recently  laid  material. 

Pecormendations  for  Stockpiling; 

This  soil  is  suitable  for  stockpiling  to  a  depth  of  at  least  5  feet 
and  is  suitable  below  as  deep  as  the  material  remains  basically  the 
same.  Gravel  and  sand  may  be  present  at  some  depth  in  some  places. 
A  water  table  at  some  depth  greater  than  5  feet  is  generally  present 
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REPORT  7  B-2 

PROJECT  TITLE:     SOIL  ANALYSIS  OF  SOIL  HORIZO.'l  FROM  .'lAJOR  SOILS  PRESENT 
ON  THE  AREA  OF  OPERATION 

JUSTIFICATION 

Since  reclamation  of  disturbed  areas  is  nov;  part  of  the  nining  opera- 
tion,  it  is  irrportant  to  consider  the  soils  aspect  for  revegetation 
purpose.     Therefore,  as  part  of  the  soil   survey  napping  project,  soil 
was  col1ect3c'  for  analysis  to  det??m:ne  stockpiling  potential  of  all 
najor  soils  op  th-?  operating  area. 
METHOOo  AMD  ^TERIAL  FOR  TESTING 

1.  Sainple  Collection  (See  Prport  A) 

2 .  '^amole  Preparation 

Soil   samples  were  air  dried  and  split  into  tv.'o  samples,  one  for 
che^nical   analysis  and  the  re'^aining  half  was  kept  for  later  use. 
Each  saTplo  '."as  passed  through  a  9  nesh  screen  for  mechanical 
analysis  and  20  mesh  screen  for  chenical  analysis. 

3 .  Chemical  and  Physical  Analysis 

The  following  deter'Tii  nations  v/ere  carried  out  on  horizon  sample 
material   after  screening  (20  mesh). 

aa      pH  -  soil   solution  ratio  I  :2. 

ab      Conductivity  -  sane  as  above. 

ac      Sodium  Adsorption  Ratio  (S\R)  -  If  ammonium  acetate 

soluble  is  greater  than  1  me/l 00  gms. 
ad      Cation  Exchange  Capacity  -  If  3AR  is  greater  than  10. 

Either  exchangeable  sodium  percentage  (ESP)or  3AR 

could  be  u^ed  to  predict  physical  p'oble'-'s  in  the  future 
ae      Texture  -  /lechanical  .Analysis  (Hydrometer  Method) 

(screen  si;:e  0  mesh). 


Macro  Nutrients: 

Or-anic  Matter 

Mitrat3  Nftrcgcn  (Diphenyl  di  s'jlphom'c  acid) 

Phosphorous   ('/aak  bray  -  -.icdifiod  by  Montana  Stats  LIni vsrsi ty 
Potassium,  Cal ci um, Magnesium,   and  Sodiun  (annoniun  acetate 
3o! ub] e) 
Others  : 

Sulfur  -  (?1H^  acetat3  soluble) 

Zinc,   Iron,   'langaness  and  Cpper   (Chelatable,  DTPA 
extracted ) 

Boron  -  hot  v/ater  solubla 
RESULTS  AND  DISCUSS  lO.'J  (Stops  ^]   thrcu-h  r"3) 
pH  .^nd  Soluble  Salts 

Electrical  conductivity  of  the  soil   solution  or  extract  is  a  f!'ncti';n 
of  the  salt  content  of  the  soil   ?n'^  rr'lated  to  p1?nt  gro'.Jth  potential 
of  each  so^'l.     The  ccnd'jctivi  ty  of  these  extracts  are  ^^ro-jped  for 
crops  that  gre  ret'rricted  to  under  k  rnhos/cm  or  those  that  car  e"^cerd 
5  rrihos/cn.     Soil   containinj  greater  th.^n  '-;  n^TihoS/'cn  is  considered 
"saline"  and  v/i  1 1   decrease  plant  grov.-th  and  production.     It  is  be- 
lieve'* thnt  salts  generally  affect  plant  growth  either  by  (1)  decreasing 
the  availeb'tity  of  '.-^ater  to  plants  by  increasing  solute  sucticn  and 
causing  the  plant  to  requ""re  nore  energy  to  absorb  and  translocate 
water;   (2)  salts  act'.vithin  the  plant  by  lowering  the  free  energy  of 
ipt'irn;!  "Mtc  and  prcenting  physiological  precesses  that  require 
'.-aterjand  (3)  sone  ions  are  directly  tcxic  to  plants. 

Analyses  were  rns'^e  for  pH  and  soluble  salts  for  four  r'ajor  soil  series 


found  in  Area  (Stop  ¥1  through  ::3).  The  soljble  salts  of  Tjllcck 

Yawdin,   Ringling  and  L^ibsth  scries  have  vory  lev;  solubl::  salts  on 
most  p^dcns.     The  only  soil   ssri:;s  .'ith  appreciable  salts  ware  found 
in  the  Lanboth  series  (200).  Tha  salts  v.ere  found  in  th:  lower  dspth, 
23"  to  65"  (Stop  ^5)-     This  ho'.;ever,  nay  not  interfere  './ith  ger:nina- 
tion  and  growth  because  the  levels  are  below  i-:rphos/cm.     The  salt 
being  present  ,  however,  suggests  that  there  nay  be  a  layer  of  salt 
that  coud  be  higher  than  analy;:ed.     In  the  collection  of  the  sanples, 
the  soil  could  possibly  be  nixed  v/ith  a  layer  of  high  salt  and  layer 
of  low  3=1 t  thus  diluting  the  condentrati on .     The  soil  pH  ranged 
fron  7-5  to  8.9.     This  may  net  be  a  probl en  especially  if  sodiuTi 
content  in  soil    is  lov-".     High  line  and  sodium  content  normally 
account  for  higher  pH  value  beyond  B.O. 
Sodium  Adsorption  Ratio  (SAR) 

Soils  that  have  excessive  concentrations  of  sodium  are  called  "alkali 
V/hen  sodiun  becomes  the  dominant  cation  in  the  soil   solution  or  the 
exchange  complexes  of  soil,   it  v;i  1  1   exceed  15%  of  the  cation  exchange 
capacity.     The  relative  proporti'^n  of  sodiun  increases  as  the 
calcium  and  magnesium  activity  decrease  because  of  precipitation 
v/hen  soil   solution  becomes  more  concentrated.     As  the  calcium  -nd 
magnesium  activity  decrease,  the  sodium  cation  will   become  more 
dcmi nant (great ar  than  and  replrce  calcium  and  magnesium  cation 

on  the  exchange  complex  by  "mass  action".     Tiierefore  SAR  is  a 
m?asure~:nt  of  this  ratio  and  is  used  to  locate  and  predict  th^se 
problems  that  can  be  injurious  for  plant  development.     Soils  having 
SAR  greater  than  10  am  expected  to  have  some  problems  and  r?cla~'atio 
b;  correcting  drainage  and  addition  of  gypsum  or  other  amendment; 


\-n  ]  ]   be  r-;:q'Jired.     High  sodi.;.!  values  v/i  1  1   disperse  the  fina  particles 
and  cajsa  crusting  of  soils  and  other  poor  physical  properties  asso- 
ciated wi  th  it. 

Sodium  content  v/as  below  1.0  me/l  00  nm  of  soil  on  all   soil  series 
except  Lanbeth  silt  loam  (Stop  #5)'  The  arnmonium  acetate  soluble 
sodium  content  was  3-1  rrie/l  00  on  and  we  expected  to  find  SAR  higher 
than  others.     However,   the  calcualted  SAR  values  viere  k.S2  and  is 
considered  low  and  should  expect  no  physical  problems. 
Cation  Exchange  Capacity 

Cation  Exchange  Capacity  is  required  to  calculate  eschangsable  sodio 
percentage.     SAR  values  were  low  and  this  was  not  required. 
Texture 

Textural    analyses  v/ere  made  by  both  "feel"  and  hydro'-^eter  method.  The 
particle  size  distribution  for  this  area  are  Found  to  be  very  desircble 
for  permeability.     Textures  are  classed  as  Icariy  sand   (LS),  sandy 
loam  {SI),   sandy  clay  loan  (SCL),   loan  (L),  and  clay  loam  (CL). 
Ringling  soil   series  contain  very  high  percentage  (35-50/0  of  oravel 
on  the  surface  (-Imm  and  g'-eater)  and  should  rot  be  used  for  road  beds. 
The  texture  found  in  this  area,  other  than  the  Ringling  series,  have 
desirable  characteristics  for  permeability  and  -air  v.'atcr  holdine 
capacity.     The  loamy  sand  and  sandy  loam  will   have  lo'.-'er  v/ater  hold- 
ing ccp-^city  as  shown  by  the  difference  of  .J  3ar  to  1"  'iar  suction. 
These  sandy  soi^s  v.-i  1  1   require  ^req'jent  precipitation  nnd  higher 
lev2l   of  p^ant  nutrient  r -^qr-'i  remrnt .     It  i?  desirable  to  add  stra-./ 
mul -h  for  stanH  establ  i  sh-^ent  to  keap  soil  wet  during  germination  oerio-^ 


M^cronutn'  ents 

Organic  rr^ttor  and  nitr?tr  nitrogen  analyses  were  usad  to  predict  ritrog'^n 
requirenent  for  revcgetotion  potential-     There  v.as  no  consistency  crgani* 
matter  leve!  on  all   soi'^i  but  found  nitrnte  nitrogen  very  low  on  all  depths 
of  all   soils.     Organic  matter  level  will   decrease  if  cultivated  fr-f  a  period 
of  years  and  this  could  affect  ths  levels.     Organic  natter  decreases  vith 
depth  and  contains  very  little  below  the  surface  10  i'-'ch  layer.  Supplemental 
nitrogen  becomes  a  very  important  nutrient  in  establishment  of  any  permanet 
cover . 

Phosphorous ( NzHCO^  Extraction  Solution) 

The  levels  below  ^ppm  pre  considered  very  1  ov,'  and  expect  a  very  good  response 
from  the  application  of  phosphorous.     The  level   of  h-9ppm  is  lov/,  8-10  ppm 
is  medium  and  greater  than  10  ppm  is  considered  hi^h.     Phpsphorous  analysis 
•/•as  found  to  be  1  o'.-/  or  very  low  on  soil   samples  analyz3d.     V.'hen  the  top 
soil    is  nixed  v/ith  soil   containing  2  higher  level   of  phosphorous,   it  may 
increase  level   but  it  v/ould  not  exceed  the  adequate  level.  Phosphorous 
becomes  a  very  important  supplemental   nutrient  in  establishment  of  any 
permanent  cover  and  should  be  considered  in  the  reclamation  procedure. 
Potassi'jm 

The  available  potassium  in  these  samples  are  generally  close  to  200  ppn 
level.     The  top  8  inches  of  soil   in  this  area  may  contain  an  adequate 
levol   for  grass  established,  but   if  it  is  mixed  with   lower  depths  supple- 
mental  potassium  may  be  necessary. 
Sulfur  and  Mi  cronutr  i  ent 

Variation  in  sulfur  analyses  obtained  from  e:ich  samp'e  taken  makes  it 
difficult  to  predict  the  sulfur  requirements  in  gen.i'-a^  .     Sulfur  m^y  net 
bT:  required  even  if  subsoil   is  mixed  with  the  top  svrface  soil. 


The  m'cronutri '-•nt:  extractab'o  it  OTPA  shoves  adequate  level   on  a1 1  e;:zept 
zinc.     A  response  can  be  expected  when  levels  are  belov.'  3.5  ppf^  zinc, 
.''-fter  mixing  sur*^ace  soil  '.vith  lov/3r  depths,   zinc  n^y  become  an  important 
nutrient  for  establishment  of  grass  and  maintaining  grov/th. 
v?ter  Holding  Capacity 

Water  holding  capacity  is  determined  by  imposing  0.33  Bar  and  15  Bar 
suction.     The  amount  of  v/ater  held  between  these  two  suctions  is  expressed 
a;-  plant  available  water   (PAW).     The  amount  of  water  held  in  each  soil 
is  related  to  organic  matter,  amount  of  clay  present,  and  structure. 
The  sandy  loam  and  loamy  sand  soils  contain  more  sand  and  have  very  lew 
water  holding  capacity  as  shown  in  the  results.     The  difference  betv/een 
0.33  Bar  and  15  Ear  suction  of  these  soils  is  approximately  4-5/'jWhile 
the  soil   containing  higher  clay  will   have  as  much  as  15-20  %  difference 
between  the  two  suctions.     The  '-'ater  holding  capacity  v/as  determined  by 
th3  equation  developed  by  Dr.  Gordon  Deckor. 
RECn.''ME,\'OATIOM 

Based  on  cher-ical   and  physical   analyses  of  soil   collected  by  horizon  in 
the  Area  we  would  recommend  stockpiling     of  soil   for  revegetation 

as  two  alternatives. 
Al  t^rnati ve  vl 

Remove  top  8-12'"'  of  soil   and  stockpile  separately.     I'hen  mining  operation 
is  completed  and  leveled,  place  top  soil  material  on  the  surface  with 
a  minimum  of        layer.     Because  there  were  no  elements  detrimental  to 
growth  on  the  top  8-12.'*  of  t'n.i<;e  soils  vie  should  anticipate  satisfactory 
stand  and  adequate  growth  providing  fertilizer  is  supplemented  55  required. 

The  organic  matter  decreases  with  depth  below  8"  on  most  soils  and  should 


consic'sr  stockpili-13  near  8-12"  of  tha  surface  soil   :;?p3rata]y  if 
possible.     Tho  lo'/er  f^opth  (3-''')  chould  also  b3  stccl^pi  1  ?d  c^p^rata'y 
and  ijssd  tt  fill   abo"::  the  ovcrb'jrd^n  '■■h'^n  fining  ^pe-ati'^n?  raas:. 
Th3  soil  bolo'.-'  the  t'^p  surface  contains  ^andy  naterial   and  ccj'd  be 
mixed  '.nth  sone  of  the  soil  taken  fron  1  o'v'er  df'pths  *:hat  aro  very 
high  in  clay  and  silt  to  help  inprova  texture  if  n-cessary. 

Ths  suppl  er-ental   fertilizer  should  be  OO-83-O  and  possibly  zinc. 
Nitrogen  {hO-D-O)  should  be  applied  annually  until   declared  unneces- 
sary.    Ann'jal   application  shojld  help  recycle  nitrogen  in  the  soil 
and  r".ay  be  declared  unnecessary  after  severs'   y°ars.     It  nay  require 
additional   phosphor o'js  ir,  2  or  3  years.   Please  rote;  Soil  samples 
ta'<£n  aff^-  nining  operation  is  conpleted;,   soil   leve'cd  and  ready 
for  seeding  should  be  .7;ore  app'-cpriata  tir^e  to  prcd^'ct  the  fertilieer 
require'"ent  than  before  operation  begins.     I  v;oj!d  strongly  suggest 
a  detail   :d-"p!e  be  taken  before  seeding  of  grasses  to  evalu-ate 
ferti  1  i  zer  requi  re.~:ent . 
Al ter native  ^2 

Remove  top  3-'''  '^r  less  as  indicated  in  the  soil   survey  nap  and  apply 
fertilizer  to  help  establish  stand  and  maintain  permanent  cover  crop 
in  the  same  man-^er  as  discussed  in  alternative  ^1.     Tha  stccl;piling 
of  3-'-'  of  these  sandy  materials  can  be  advantarooLis  :^  the  overburden 
soil   has  h"gh  clay  content  th^t  should  be  mixed  to  improve  '-'eter 
inta!;e  an-'  hyd-au'ic  conductivity.     The  fertilizer  requirement  vill 
change  i stockpiling  is  done  in  this  manner. 

These  a' ter.iativss  are  not  liste::!  or  priority  in  sequence  civ-j-. 
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PROJECT  TITLE:     OVERBURDEN  AND  INTERBURDEN  ANALYSIS  AS  RELATED  TO  REVEGETATION 
PURPOSES  IN  COLSTRIP,  MONTANA 

JUSTIFICATICTj; 

Revcgetation  can  be  a  problem  from  soils  containing  some  undesirable 
characteristics  such  as  high  sodium  (SAR),  high  salt,  high  percentage 
of  clay,  structure  that  causes  very  little  water  intake,  and  low  fertility. 
This  analysis  and  plant  growth  study  was  conducted  to  evaluate  the  poten- 
tial problem  that  may  occur  from  overburden  and  interburden  material 
during  strip  mining  operations.    This  was  conducted  to  evaluate  the 
problems  that  may  exist  prior  to  mining  operations. 

HHTHOOS  AND  MATERIALS; 

Two  sets  of  samples  were  collected  for  each  mining  area  by  Western  Energy 
Company  and  taken  at  12"  increments  till  in  contact  with  the  coal. 
These  samples  were  composited  by  depth  according  to  the  layers  and  related 
to  the  log  that  was  provided  by  Western  Energy.    Not  more  than  10  feet 
intervals  was  composited  when  layer  was  near  the  same  throughout.  Occa- 
sionally, mors  than  10  feet  was  taken  especially  when  it  was  sandy.  Ctie 
set  of  samples  (Area  Pit  #6  A  10)  sent  in  earlier  was  taken  at  10  foot 
increments.     Analysis  and  report  will  b«  made  accordingly. 

SM?IE  PREPARATIGNt 

Samples  were  air  dried  and  split  in  half  by  taking  alternate  6  inches 
from  each  12*^*  tube.     The  first  half  will  be  kept  in  the  plastic  tubes 
for  future  use.    The  second  half  will  be  prepared  for  complete  analysis 
as  follows: 

Each  sample  was  crushed  to  1"  by  a  jaw  crusher  if  necessary.     The  sample 
was  split  after  mixing  into: 


500  greras  for  weathering  and  screen  analysis  if  desired. 
500  grams  screened  for  mechanical  analysis  (9  mesh). 
Screen <  12  mesh  and  split  samples  -  '-I  for  green  house  study 

'-1  for  laboratory  analysis 
Sample  for  laboratory  analysis  was  screened  to  20  rtjesh  size 
and  kept  for  analysis.     Sample  for  green  house  can  be  used 
for  weathering  also  if  desired.     Because  large  quantities  of 
samples  are  required  for  SAR  and  mechanical  analysis,  it  may 
be  necessary  to  analyze  SAR  and  use  the  same  sample  for 
mechanical  analysis. 

100  grams  was  sent  to  U.S.  Testing  Lab  for  trace  elements. 
Mechanical  analysis  screen  size  9  mesh. 
Analysi  s 

pH  and  conductivity  -  soil  to  solution  ratio  of  1:2. 

Sodium  Adsorption  Ratio  (qualified  by  sodium  content). 

Sodium  Exchange  Potential  (calculate  if  necessary  >  need  CEC 

also).  This  has  the  same  interpretation  values  as  SAR. 

Macro  analysis 

Organic  Matter 

Nitrate 

Phosphorous 

Potassium 

Calcium 

Hagnesiuin  i  i  • 

Sodium 

Sulfur 

Micro  analysis 


Copper 

Iron  chelatable  DTPA  extractable 

Manganese 

Zinc 

Aluminum 

Barium 

Cadmium 

Lead 

Mercury 

Si  1  icon 

Strontium 

Titanium 

Se 1  en  i  urn 

F I  or  i  de 

Molybdenum 

Arsenic 

Boron 

Soluble  Salts 
CEC 

Mechanical  Analysis 

Water  holding  capacity  at  .33  bar  and  15  bar  suction  (method 
developed  by  Gordon  Decker  "Automatic  Retreival  and  Analysis 
oi   Soil  Characterization  Data"  PhD  Thesis  Montana  State  Univer- 
sity, Bozeman,  Montana,  December  1972.) 
Plant  Growth  Test 

a)  500  grams  of  air  dry  soil  or  less  if  soil  not  available. 

b)  Add  50  ppm  P  as  concentrated  super  phosphate. 

c)  Add  50  ppm  N  as  NHi^NO^  on  weekly  basis. 


d)      S£3ded  to  Winoka  vn'ntcr  vheot    5  seed/pot. 

s)      V'ater  v/ith  distilled  '.-.'at-r  to  0.33  ^.^r  or  ■''leld 

C3pacit/  and  naintain  vv-night  on  daily  basis, 
f)       Harvest  -  Report  dry  veigh*:,   till-^rs,   and  stand. 
Rcs'ilts  and  DiscjsGion 

Mole  #1  Lab  Mj.  92C!-9.-0s 
Hole  ffk  Lab  Mo.  9225-9223 
Hols  ^  5  Lob  f!o.  9229-9285 
Hole  .^6      Lab  ^'o.  9236-9297 

Th-a  chemical  and  physical  analysis  for  each  hoi  a  will  br:  discussed 
S'aparataly. 


CHEMICAL  AfO  PHYSICAL  PROPEaTIES 

DRILL'-'OLE  #  1 

Drill  hols  ^1   contained  soft  co-idstone  on  the  top  27'   follc./ed  by  2:' 
of  coal,  7'   of  gray  shals,   then  layer  cf  coal,  8'  of  dark  shale,  ?nd 
then  th3  McKay  coal  . 

Although  tha  top  27'  was  of  the  soft  sandstone,  samples  v/ere  taken  and 
analyzed  at  ten  feet  intervals  or  snal  1  er  incr3"ients  for  thi?  strata. 

1 .  pH  and  Conductivity 

The  so^t  sa-dstone  was  analyzed  for  pH  and  soluble  salts-  Mo 
unusual   pH  levels  uere  found  in  Hole  #1. 

The  soluble  salts  were  analyzed  by  mixing  10  gra^s  of  soi'   to  20  -n 
of  deionized  water  and  reading  the  conductivity  of  the  so^uticr,. 
Salts  were  found  to  be  present  only  in  the  gray  shale  (5j'-o3') 
belo./  the  shall  o'-'  coal   layer.     Salt  level   did  not  exceed  '+mhos/c-r! 
and  is  considered  safe. 

2 .  Sodiu'i  ."■■dsor p t i  on  ^atio 

SodiuTi  adsorption  ratio  is  neasuro  of  the  ratio  of  sodiun,  ca^ciun 
and  magnesiun  in  the  soil   and  is  used  to  help  predict  any  physical 
problens,  such  as  1  ov;  hydraulic  conductivity  and  lev  water  intake 
that  cause  poor  plant  grov/th.     The  soluble  sodium  and  SA,?  va'.ue 
v/ere  very  !o>v  and  antiripite  very  littl*^  effect  fron  sodium  in  Hoi 

3  .       Sodiu-  cx^h-!-'-e  Pot-entin^ 

iloi;  app!'Ci>b!e  -  SAF!  values  very  low. 

'i .       Mxro  Analysis 

Organic  'tatter  and  nitrate  nitrogen  are  very  lew.     There  ••■as  no 
accunfiu' ation  of  nitrate  th-'t  ray  affect  any  aqui-?r  that  inay  de>.  ?I 
in  future. 


Phosphor  j'j  -  .    Pota-sfu  •,   CslciLin.  I'-'agnesi  um  and  S'jlfur 
Sodium  bicarbo.nats  axtractable  phosphorous  was  used  for  phosphorous 
analysis.     Values  belc.'/  11   pprn  P.   Can  expect  response  from  the  addi- 
tion of  phosphorous  fertilizer.     Phosphorous  appears  low  in  all  depths 
except  10'-?C'   and  28'-63'.     Phosphorous  remains  an  important  ferti- 
lizer for  rsvegetation  potential. 

Potassi urn  is  considered  low  in  all  depths.     Definitely  require 
addition  of  potassium  f  ar  ti  1  i  ."^er  . 

Su! fur  is  very  high  lower  in  depth  and  should  not  be  major  requirement. 
Calcium  and  rraqnesium  level  \;as  not  unusually  different  than  normally 
found  i n  top  soil. 
Micro  Analysis 

Chelatable  DTPA  zinc,  copper,  manganese,  and  iron  were  analyzed  for 

Hole  #1   as  v/el 1   as  boron.     These  are  normally  analyzed  for  predicting 

plant  requirement.     The-e  v/ere  no  unusually  high  level   trace  minerals 

except  boron  which  was  slightly  higher  and  may  be  in  the  toxic  range 

{k  ppm)  for  some  more  sensitive  crops  in  the  top  sandstone  layer. 

It  may  be  okay  for  grasses .  Other  trace  elements  not  complete  at  present. 

Soluble  Salts 

Expressed  vn  th  pH. 

Cation  Exchange  Capacity 

Mot  applicable,   SAR  values  lo.v. 

i'l£C'~3nical  Anclys'-'s 

I'lichanica!    5n?iysis  i     measure  ofparticle  size  distribution  by  per- 
centage, and  pro\'ides  a  guideline  for  anticipating  some  physical 
limitation  such  as  lew  hydraulic  conductivity  and  low  v.-ater  inta'-'e. 

The  sandstone  material   is  lo^'^y  s-nd  texture  ^nd  should  provir-'e  cood 


per.Tsabi  1  i  ty  but  tow  vator  holding  capacity.     The  only  dapth  in 
question  is  63'-63'  vhich  is  above  the  coal   layer,  wbers  there  is 
high  parr.ontag-  ?f  clay  and  silt   (36. C/.  ?nd  33. 'O-     This  layer 
should  be  nixod  with  sorrie  sand  end  placed  at  lover  dapth. 

3.      V'ater  Holding  Capacity 

The  water  holding  capacity  of  loany  sand  is  very  \o\i  (approximately 
3  %)•     The  top  soft  sandstone  i^aterial   consists  of  this  texture  pri- 
marily.    The  lower  depth  (dark  shaM)  increases  vjith  clay  and  silt 
and  the  ..ater  holding  capacity  also  proportionately  increases.  The 
lower  depths  have  nora  desirable  t3,xture  for  v;ater  holding  capacity, 
but  if  clay  and  silt  roamin  too  high,   it  will   affect  the  hydraulic 
conduct i  vi  ty . 

10.     Plant  Cro'/th  Test 
In  progress. 

'?Eca;iME.'igAT:o:.'s 

1.  The  dark  shale  S3'-68'   should  ba  mixed  with  some  sand  and  placed  at 
lower  d3pth. 

2.  Should  locate  boron  concentration  if  present,  and  b?  nixed  and  placed 
at  lov/er  depth. 

3-       The  lo^imy  sand  on  surface  will   h.ivegocd  permeability  but  should  mix 
",n"th  1  oa"!  to  improve  '.'ater  holding  capacity. 
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DRILLHOLE  !l  k 


Drill  hole  -'4  cor.tai  r.rd  brov.n  sandy  c!::y  on  top  3'>  3'  of  Poicbud  z~-st , 
3"  of  soft  coa!,  7'  cf  ccal ,  gray  shal3,  2'   of  dark  sh?!-,  2'  sand- 
stone, and  3'        Z'^V  shale  and  coa! 
1  .       p.-i  and  Conduct  ivi  ty 

The  pH  and  ccndu-tivi  ty  is  not  urjs'.ially  differc.Tt.     Salt  content  is 
low  and  pH  lay  bs  slightly  acid  but  it  remains  in  the  favorable  range. 

2.  ^^odiuTi  Aj^orption  ^-^tio  (SAR) 

SAR  values  ar  2  1  ov;  and  expect  no  physical  problem.     Should  have  gocd 
plant  g-owth  based  on  physical  properties. 

3.  Sodi'j-.  Exchange  Potential 
■'Jot  appl  icabl  c. 

h.      Macro  Analysis 

Organic  nitrogen  is  fairly  high  on  the  top  3'>  but  this  layer  has 
coal   scan  -..'hTch  increosesthe  carbon  and  increa'^,2;  the  organic  matter 
readi  ng . 

Nitrate  nit'-cgen  very  Ic;  and  './ill   require  supplemental  nitrogen. 
Phosphcrcjc ,    Po"as5i'J"i,   Calciu.-i,   Maqnesi'J:T!  c-?nd  ^u^fur 

Phosphor o'j J  is  low  except  in  thi  Rosebud  s^ut.  Supplemental  phosphorous 
IS  very  inportant. 

Potassi'jci  is  very  lov;  anr'  is  desirable  to  add  potassiun. 

Ca'ciu-?  and  ,-:agnesiun  levels  are  not  unusually  different  than  nomcMy 
found . 

Sulfjr  riDy  becor-;e  desirable.     It  is  testing  lov;. 


5 .       Micro  Ana ■ /si: 

The  micro  P'Jtri^nt  extrsctable  EC^A  doos  not  s'no'-i  I  O'j  v^'uss  a'-J  do 
not  expact  a  response  fron  additional   trace  ninerals. 

Boron  is  testing  high  in  Posabud  sn^ut  and  thf;  gray  shale.     It  nay 
have  some  datri-nsntal   sffect  to  so.tid  crops.     These  soils  should  b'; 
placed  at  lower  depth. 
■6.      Soluble  Salts 

See  pn  and  conductivity. 

7.  CEC 

Mot  applicable. 

8.  Mechanical  Analysis 

Texture  desirable  for  water  holding  capacity  and  permeability.  The 
low  3AR  Values  should  make  it  nore  desircble. 

9.  tv'ater  Hoi  dim  Capacity 

Sandy  clay  loams  have  desirable  v/ater  holding  cap^city^  and  adequate 
permaabi  1  i  ty . 

10.  Plant  Grovfth  Test 
In  progress. 

recq;'.mendmtioms 

PosebuJ  smut  layer  end  gray  shale  immediately  above  the  coal  layer  should 
re":  be  used  near   the  surface  because  of  unusually  high  boron. 
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DRILLHOLE  5 

Hole  rr  5  contains  bro-./n  sandy  -1ry  for  19',  1^'  of  brown  sanH^tcne,  1'  of 
5r^y  sandstoio.  1'  gray  shale  2o'  of  coal..  2'  of  [jray  shala,  anr  thtn 
coal  . 

1  .       pH  aid  Cond'jctivi  ty 

Th3  iGol-t^^  3 -'b-5tr''>tocraphi  c  layer  did  not  contain  any  'jn-js'ja!  Ic:-! 

of  pH  or  salt  content.     Conductivity  was  "-ell   below  ^4  rmhos/c-i  •.-.•hich 

is  the  -^"sirable  level.     The  bro^/n  sandy  clay  on  the  surface  contained 

sone  but  not  "^i^h  enough  to  cause  plant  injury. 
?  .       Sor'iij''  Ac--"-pti-n  Ratio 

Sodiu.-:  .'Adsorption  Ratio  is  '/ell  belo'.-'  10.     Lc  /  hydrTjIic  conductivity 

will   not  be  influenced  by  sodiun  because  it  is  very  lov/, 
3 .       Sodiu--  T.sC^an-e  Potential 

Mot  appl icabl e. 

Macro  Anolysis 

Organic  natter  very  lov/  except  in  layer  •./hero  coal  is  p-esent.  N'itrate 
nitrogen  very  lov/  on  all  depths  to  coal. 

Supplenental   nitrogen  becomes  vcy  inportent  nutrient  and  should 
be  added  as  fertilizer. 

Phosphorous,   Calciui,  M'':;nes^'ur^,   and  Sulfur 

Phosphorous  and  potassium  are  very  low  and  suppi  er-enta!  fertilizer 
becomes  very  inportant  f-^r  rcvcgetation  potential. 

Calciu'^  and  nagnesiu'i  levels  are  not  unusUv-illy  different  than  normally 
found  in  the  top  soil 

Sulfur  is  very  high,  especially  belo-,/  in  the  brc/n  sandst'^-'e  and 
gray  shale. 


5 .  f^icro  Analysis 

Cielatablc  DTPA  zinc,  '-'^.nnanez'^ ,  copper  anri  iron  did  not  exhibit  any 
'jnjsual    levels.     Thzy  are  all   considered  v^ry  high. 

Boron  is  all  -./ell  below      ppr?  and  well   above  0.5  PP'i  B.     Thay  are 
'.vithin  the  desirable  level. 

6.  Soluble  Salts 

3oth  the  bro'./n  sandstone  and  gray  shale  above  and  belov'/  the  coal 
contain  very  little  salt. 

7 .  Cation  Exchange  Capacity 
Mot  appl icabl e 

3.       Mechanical  Analysis 

The  top  bro'/n  send  and  sandy  clay  contain  near  50  %  silt  plus  clay. 
V'ater  intake  is  fairly  desirable  at  this  depth.     The  analysis  was 
not  available  for  the'next  16  feet,   (19'-35')  but  is  is  the  brown 
sand3t."'ne  shale  and  should  have  sinil?;r  texture  as  above  with  possibly 
less  percent  clay.     These  depths  appear  favorable  for  top  soil  material 

The  gray  shale  (3  5'-^:-0'  and  *^0'-^+6')  contain  very  high  percent  clay 
and  silt  (greater  than        /-,)  and  was  not  very  desirable  for  '.-'ater 
per-Tieabi !  i  ty .     This  layer;   because        very  high  percentage  of  fine 
naterial,  '•.■ill  have  1  ov/  '.-fater  intake  and  should  not  be  used  as  top 
3oi 1  material . 

The  gray  ^ha'e  below  the  Rosebud  coal     contains  greater  than  75  % 
clay  plus  silt  and  will  have  slo-'  v/atcr  intake.     This  gray  shale, 
hov.'ever,  did  not  have  nuch  salt  or  sodiu~i  as  anticipated  but  bec-'jse 
of  p-edicted  1o\'  Hydraulic  condu.'ti  vi  ty^   it  is  unsuitable  for  to 
soi 1  nat  cr  i  a!  . 


S?.       '^'■-■to'-  Koldin:;  Cg?3city 

Tho  ',  3t2r  holding  ciprcity  ot  the  bro-'n  sandstor:3  v.'as  not  very  hig'i 
b'jt  capable  of  support!  rg  plant  gro\;th.     There  v.az  adsquate  clay  and 
silt  present  to  hold  rr^oi  st'jr  3  for  a  period  of  time. 

The  gray  shsle  contains  v>?ry  hi~h  percentage  of  clay  and  silt  and 
shruld  exhibit  very  high  v-zat^r  holding  capacity. 

The  gray  shale  because  of  fine  naterial  present  v/i  1  1    also  be  sub- 

fected  to  both  v/ind  and  ■■■ater  erosion  and  is  very  unsuitable  for 

top  soi I  nater i  al  . 
10.     Plant  Gro'-'th  Test 

In  progress.     Expect  ooor  gro'vth. 
nECOMME.'.'JATIOMS 

1.  Top  brovn  sand^-'  sandstone  contains  little  salt,  has  '  desi  rabl  c 
permeabi  1  i  ty  J   and  contains  no  unurual   levels  of  trace  "ii  nereis; 
should  be  suitable  for  top  soils  ,'naterial. 

2.  Gray  -^hale  should  not  be  used  for  top  soil  because  of  expected  lov 
hydraulic  conductivity  as  shov;n  by  high  percent  silt  plus  clay. 
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DRILLHOLE  /;  5 

Hole  ■?  6  -ctains  ^'  of  top  soil,  9'        brov^  c'a-ip  clay,        of  brown 
sandy  clay,  3'  of  gray  san^'y  clay,  3'  '^f  bro/n  san'istone,  ?'  of  soft 
gray  sandston?,  27'  of  coal,  dark  sh--"!:;  \r.th  coil,  2'  of  gray  shale,  8' 
of  ^ray  sandstone,   10'  of  gray  shale,  and  coal  . 
I  .       pH  ard  Copd'j :  t  i  vi  ty 

Tha  top  s-'il,  as  v-.:!l  1   as  tha  soil   below,  does  not  exhibit  any  unusual 
pH  level.     The  top  soil,  brown  clay,  and  sandy  clay  all  contained 
salt  that  can  restrict  plant  gro'.'th  and  production.     These  soils 
are  not  suitable  for  top  soil. 

The  soil   belov/  all  contained  salt  but  at  1  ov/er  concentration.  The 
presence  of  scm=  salts,  ho./ever,  and  hirjh  sulfate  sulfur  indicate 
that  the  soil  ntjy  sho.i  some  './hite  spots  as  the  £oi  1    is  removed  and 
stockpi 1 od . 

? .       Sod-'-Jf^  .^dso'-ption  Ratio 

The  SA7  values  did  not  exceed  10,  but  th-  second  depth  (5'-10') 
contained  soriiun  th?'t  approached  3AR  lOvalue  and  indicates  that  a 
potential  p'-oblen  exists  and  this  soil   should  be  mixed  and  placed 
at  lovjer  depth. 

3  .       Sodiu^  Exchange  I^otfnti^l 
Mot  appi i cab' e . 

k.       Mecro  Q,-.::' v::i 

Or^inic  ■^j'l'.z-r  is  present  on  th-;  top  5  feet  v.hich  is  desirable  but 
the  salt  content  makes  it  unsuitable  for  top  soil  potential.  Nitrogen 
is  vf?ry  }o:j  and  suggest  use  of  nitrogen  to  aid  seedling  astabl  i  sh'^ent , 
and  "ointain  grovth  and  produ'-tion. 


Phosphorous  is  very  lev  especially  as  soil  is  mixed  '.'i  th  lower  -f^pth 
Potassium  is  very  I  ov/  also  if  soil    is  mixed  with  lov/er  d^pth. 

These  soils  in  general   contain  calciuTi  and  na^nasiun  at  levels 
normally  found  in  most  soils.     The  .-nagnosi '.i.-i  and  sodiun  is  co'r°- 
spondingly  higher  at  5'-10'   depth  and  is  related  to  the  salt  level 
also. 

Micro  Analysis 

Chelatable  DT?A  zinc,  manganese,  copper  and  iron  all  exhibit  adaquat 
level  with  no  toxic  levels.     However,   at  73 '-73'   the  boron  was  very 
high  and  nay  be  toxic  to  sone  crops  that  are  planned  to  be  used  for 
revegetation  purpose.     This  should  be  evaluated  in  the  greenhouse. 

The  other  trace  minerals  v/ere  not  complete  at  this  tii^e  on  all  hc'':'s 

The  trace  minerals  are  aluminum,  barium,  cadmium,   fluoride,  lead, 

mercury,   silicon,   selenium,  mol  ybdenu"!,   arsenic,   strontium,  and 

titanium.     These  should  bo  done  hope'^ully  within  a  few  days. 

Solubl  3  S:1  ts 

See  pH  and  Conductivity. 

CEC 

Not  appl icabl e. 
Mechanic?!  Analysis 

Particle  size  distribution  belov;  the  Rosebud  coal  contains  high 
percentage  of  fine  nater-ials  which  makes  it  less  desirable  for  top 
sci 1  materi  al . 

The  gray  shale  above  the  .".cKay  also  exhibited  some  very  fini  sa't 
particles  end  is  not  suitable  for  top  soil   because  of  expected  '  ov/ 


'•/ate''  intake. 

The  bro'-in  sandstone  located  deeper  (20')  sesns  tc  be  2  nore  riesirab's 

top  soi !  naterisl   th3n  ths  top  soil  pr3sent  because  of  low  salt, 

sodium,  and  with  desirable  texture  for  '.'ater  intake.     The  '-'ater 

holding  capacity  is  very  1  ov;  ho'-zever,  but  a  nicture  of  sone  loa'n 

will  nake  it  nore  suitable. 

9 J      Water  Holding  Capacity 

Gray  shale  above  the  coal   sea.n  -exhibited  high  r^oisturo  holding 

capacity  because  of  the  high  clay  content.     This  should  be  nixed  and 

buried  at  lower  depth. 
10.     Pla-^t  ''rovth  Tert 

In  pro^^r'^ss. 
PECO,'^.'-'■E"DATIO^^ 

1.       Th'^  top  soil,  bro'./n  d?"ip  clayj   hro'-'n  ssndy  cley  (0-15')  crit^in 

high  1 'vel   of  salt  ni;<cd  '.vith  sO'-'iu~i  ?nd  are  not  r.uitable  for  topsoil. 
2-      Th^  '-r'-'-'n  s^ndy  clay  and  gray  ■^i-'i'^dy  c^?.y  -h:'-,-  --irz  of  r..-:'t  aleo 

but  not  high  encu;^'-  to  c^use  any  seedling  e'lergence  problems. 

These  depths  are  '•■••ore  ;andy  than  rscord'^'d  and  seen  r'ore  appropriate 

for  top  soil   if  ne^d  to  be  substitited. 
3.       Boron  '..'as  very  high  (+?2  ppn  5)  in  th.-  g^ay  shale  (73'-73')  abov» 

the  '-■-•al  and  Tiy  be  toxic  to  sor^e  crops.     It  is  not  suitable  for  top 

soil   ---id  should  be  '"ixcd  and  placed  at  lo'.rer  depth. 
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PRELIMINARY  HYDROLOGY  INVESTIGATION 


Research 
Conducted  by  Richard  L.  Hodder 
Research  Associate 
Montana  Agricultural  Experiment  Station 
Bozeman,  Montana 

Cooperating  vriLth 
Peabody  Coal  Company 


Summer,  1970 


The  objectives  of  this  study  are  to  deternine  both  short  and  long  term  effects 
of  strip  raining  on  surface  water  quality  and  storage,  strean  flow,  and  ground 
water.  '  •    "  ■ 

The  procedural  plan  calls  for  designing  and  installing  a  practical  systen  of 
Donitoring  surface  water  stream  flov  in  a  mined  drainage  and  in  a  similar,  but 
undisturbed   control  drainage.     Data  from  these  monitoring  systems  are  to  be 
accunulated  over  a  period  of  years."    The  intent  is  to  establish  a  historical  flow 
pattern  and  to  record  the  changes  in  this  nattem  as  mining  progresses.  The 
effects  of  accumulating  acres  of  mine  spoils  are  expected  to  substantially  influence 
surface  flow.  ...  ■       _  . 

Ground  water  fluctuations  are  to  be  recorded  by  maintaining  a  series  of  wells 
within  the  mined  drainage  both  upstream  and  do;/nstream  from  the  pit  area.     Water  " 
level  within  wells  is  to  be  measured  and  recorded  monthly  to  provide  continuous 
data  on  the  rise  and  fall  of  the  water  levels  and  how  it  is  influenced  and 
affected  by  mining. 

In  late  1969,  monitoring  devices  were  obtained  consisting  of  weight  ooerated 
clock  mechanisnS  driving  a  chart-covered  drum  on  which  a  stylus  records  the  rate 
of  waterflow  as  it  passes  through  a  calibrated  "V"-notched  weir.     Two  weirs  were 
fabricated  of  3/16"  reinforced  steel  plates  in  Bozeman  and  were  shipped  to  the 
study  site.     One  was  assembled  and  installed  in  the  mined  drainage  and  the  other 
assenbled  and  installed  in  the  control  drainage  of  aDpro:-dLmately  equal  size  and 
of  sirdlar  vegetative  cover  and  condition.     Stilling  v'ells  were  installed  with 
the  nonitoring  systems  mounted  on  top. 

Monitoring  of  the  rate  of  flow  from  these  two  drainage  areas  started  in  ^'arch 
of  1970  following  comole tion _ of  the  installations.  This  date  preceded  any  signif- 
icant ai=ount  of  snow  melt  and  surface  water  flov. 


Continuous  monitoring  shoved  that  there  was  no  measurable  amount  of  spring 
flow  from  nelting  snow  and  early  spring  rains  during  the  first  season.  However, 
flow  was  monitored  from  the  mined  drainage  when  the  expanding  pit  area  intercented 
the  nonitored  drainage  area  and  puir.plng  from  this  portion,  of  the  oit  began.  The 
intercepted  surface  water  and  accumulated  ground  water  was  measured  as  it  flowed 
through  the  weir.     Waters  intercepted  by  or  accumulated  in  other  segrr:ents  of  the 
pit  \.'ere  diked  off  from  this  study  area  and  were  diverted  through  another  drainage 
that  circu-TTvents  the  weir. 

Calibration  of  the  weirs  is  not  complete  because  sufficient  water  flov;  has  no.t 
yet  occurred  to  make  this  job  possible,  but  the  duration  and  flow  pattern  is 
recorded  for  later  interpretation  following  calibration.  •  '        ;  " 

The  depth  to  ground  water  was  measured  each  month  in  two  locations  where  "wet" 
borings  indicated  the  presence  of  ground  v;ater,     T^ro  wells  xvere  drilled  and  cased; 
one  was  located  downstream  from" the  pit  area  in  the  vicinity  of  the  mined  drainage 
weir,  and  the  other  was  located  in  the  same  drainage  upstream  from  the  nit.  The 
well  upstream  from  the  pit  served  its  purpose  until  late  November,  when  a  change 
of  cdning  plans  caused  its  interception  and  destruction. 

Table  1  consists  of  reading  on  the  presence  of  surface  flow,  depth  to  ground 
water  and  associated  precipitation. 

The  unexpected  change  of  mining  plans  resulting  in  the  destruction  of  the 
ground  water  measuring  well  above  the  original  pit  location  emphasizes  several 
shortcomings  in  design  of  the  present  hydrologic  study.  A  series  of  observation" 
veils  was  originally  planned  but  because  the  drilling  rig  was  not  in  'the  vicinity, 
addiricnal  wells  were  not  drilled.  In  the  very  near  future,  ten  additional  holes 
will  be  cased  to  enlarge  the  tiezometer  study  in  the  drainage  area  above  the  pit. 
These  will  be  spaced  at  approximately  150  feet  intervals  up  the  drainage  from  the 
present  highwall.     Additional  holes  do%TiStream  from  the  pit  are  planned;  it  is 
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Tabic  1. 

Surface 

flov:,  preclpita 

tion,   and  deoth 

to  ground  v;ater  naasurcd 

mn'^  r n  1  \'  in 

1970  at 

Peabody  Big  Sk 

y  >;ine.  site,  Colstrio,  Montana. 

Surface  Flow 

Denth  to  Ground  V'ater 

in  Feet 

Daces 

Control 

Mined 

Monthly  pnt. 

Upstreaa  Do' 

•.-.-nstrear' 

Area 

Area 

in  inches 

from  pit  f 

ron  nit 

Apr -May 

0 

0 

(No  guage) 

(No  T.'ell)  ( 

No  Well) 

May- June 

0 

0 

2.20  • 

?.9.4  • 

30.3 

Ji.T.e-July 

0 

19  days  flow 

1.60 





July-Aug 

0 

17  days  flow 

1.00 

35.9 

31.5 

Aug- Sap  t: 

0  • 

0 

.84 

38.  A 

31.9 

Sep  t-Oct 

0 

0 

.70 

39.0 

30.5 

Oct-Nov 

.  0 

.0 

.67  .    ..  . 

(destroyed,  v.'ell) 

31.6. 

Nov-Dec 

0 

0 

Total 

7.01 

hoped  that  the  Peabody  Coal  Company  v/ill  graciously  drill  both  series  for  the  study. 
The  direct  costs  to  the  project  are  for  purchasing  casing  necessary  for  these  v:ells 
and  installing  it  at  the  appropriate  tins. 

Several  additional  observation  v.'ells  located  within  the  control  drainage  are 
considered  necessary  as  a  check  on  the  o;eneral  water  levels  in  the  area.     Tnese  are 
dasirable  in  order  to  determine  to  v.'hat  extent  belov;  the  nit  the  effects  of  mining 
upstream  influence  ground  water  levels  do'.sTis  tream. 

Casual  observations  shov;  great  contrast  in  ground  water  flow  oroosad  in  various 
segments  of  the  highv.'all  adjacent  to  the  study  area.     These  have  not  been  measured 
or  recorded.     These  observations  point  out  the  need  for  similar  studies  under  varied 
conditions  and  uses,   for  the  diverting  of  large  cuantities  of  intcrceotod  ground 
water  may  be  critical  if  it  is  a  source  of  supply  depended  upon  for  dom.estic,  com- 
ccrcial,  or  corjr.unity  use.     F.ither  loss  of  ouantitv  or  auality  of  v-atcr  could  bu 
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MAJOR  PLANT  COMMUNITIES  AND  TAXA 
OF 
AREA  A 
■  PEABODY  COAL  COMPANY 

By 

Ecological  Consulting  Service 


« 


\    WILDLIFE  CONDITIONS 


An  analytical  assessment  of  the  ecological  relationships  of  the  native 
fauna  and  flora  of  the  Big  Sky  Mine  was  initiated  in  early  July,  1973. 
The  study  area  was  composed  of  10  sections:     13  through  15,  21  through 

24,  and  26  through  28  of  Toxmship  1  North,  Range  41  East,  in  P.osabud 

1 

County,  Montana.     Field  work  began  with  a  concentrated  study  [. 
of  Area  A  with  primary  emphasis  on  wildlife  reconnaissance  and  quantita- 
tive vegetation  measurements.    The  results  of  these  studies  are  reported 
herein. 

j   Natural  Vegetation 

Area  A  of  the  Big  Sky  Mine  lies  within  the  Eastern  Ponderosa 
Pine  Forest  vegetation  formation,  as  described  by  Kuchler  (1964). 
An  orientation  survey  of  the  area  indicated  the  presence  of 
seven  natural  vegetation  types  and  three  agricultural  vegetation 
types.    Map  B  shows  the  juxtaposition  of  the  vegetation  types 
on  the  ten  sections  of  the  study  area.    Each  vegetation  type 
was  assigned  a  code  number  which  corresponds  to  the  following 
description,  .  ? 

■  Quantitative  measurement  of  the  low  growth,  natural  vegetation 
was  accomplished  by  use  of  a  modified  "Daubenmire"  transect 
method  (Daubenmire,  1959) .     A  2x5  decimeter  frame  was  placed 
at  5-foot  intervals  along  a  100-foot  line.     The  j 
frequency  of  plant  tjuca  falling  within  the  frame,  as  well  as  the 
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TABLE  II 


i:'i:ABODY  BIG  SKY  COAL  MINE.  COLSTRIP:  ■^fn^:T■v,T,  I  ' 


TAXA 


RELATIVE  RELATIVE  '  RELATIVE 
DEMSITY^  FREOTTEWnY  t^omtmampt. 


Jun-Lparus 
scopulonm  28%, 


64%, 


Pinus 
pondercsa  72%. 


100%, 


6%. 


94%, 


Mean  Distance:        14.43  ft. 

Mean  Area  Occupied  by  an  Individual: 


208.22  ft. 2 


AVERAGE^  AVERAGE         TOT/J.  BASALl 
ME__..        HEIGHT  AREA 


2.63  in....  10.75  ft...  110.28  in.^ 


7.03  in....  27.94  ft..  1823.86  in.^ 


Density  (Number  of  Individuals  Per  Acre):        209.20  Trees  Per  Acre 
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Figure  1. 


Big  Sagebrush-Grassland  Vegetation  Type  (Code  101) 
showing  the  dom-nant  aspect  of  big  sagebrush  ^ 


Figure  2. 


Silver  Sagebrush-Grassland  Vegetation  Type  (Code 
102)  showing  the  do.Tiinant  aspect  of  silver  sacp! 


canopy  coverage  and  constancy  of  each  species,  was  recorded 
at  each  site.    Each  site  was  located  entirely  within  a  distinctly 
recognizable  plant  community.    The  coverase  classes  used  to 
estimate  the  canopy  coverage  of  each  species  were:    Class  1, 
0-1%;  Class  2,  2-5%;  Class  3,  6-25%;  Class  4,  26-50%;  Class  5, 
51-75%;  Class  6,  76-95%;  and  Class  7,  96-100%.    The  nidpoints 
of  each . coverage  class  ware  used  in  data  compilation  and  tabula- 
tion.   A  total  of  12  "Daubenmlre"  transects  were  established  on 
the  study  area.  ,  [ 

Additionally,  the  study  of  one  transect  was  conducted  to 
quantitatively  measure  the  overs tory  vegetation  and  characterize 
the  dendrological  characteristics.    The  quarter  method  | 
described  by  Phillips  (1959) ,  was  used  to  sample  the  tree 
stands.    The  "timber"  transect  consisted  of  12  sites  approxi- 
mately 30  paces  apart,  in  which  one  tree  was  uneasured  in  each 
quarter  of  a  circle.    Each  tree  v;as  measured  for  diameter  at 
breast  height  (DBH) ,  distance  from  site  center,  and  estimated 
height.    Two  additional  trees  were  measured  at  a  thirteenth  site 
to  complete  a  total  of  50  trees  per  transect.    Data  was  compiled 
by  using  the  formulas  described  by  Phillips  (1959)  . 

To  ascertain  the  percentage  of  the  study  area  occupied  by  each 
vegetation  type,  an  acetate  overlay  the  size  of  one  section  of 
land,  and  scaled  the  same  as  the  vegetation  map,  was  1 
■uniformly  gridded  with  100  dots  and  super-imposed  on  the  vegeta- 
tion map  over  each  of  the  ten  sections  of  the  stud}^  area.  The 

,1 


vegetation  type  underlying  each  dot  was  recorded  until  a 
total  of  1000  dot-points  had  been  sanipled.     The  aggregate 
percentage  of  dot-points  overlying  each  vegetation  type  indicated 
the  percentage  of  the  area  conposed  of  each  vegetation  type. 

Plant  taxa  of  the  area  were  identified  with  the  aid  of  the  floral 
keys  of  Booth  (1950)  and  Booth  and  Wright  (1959).    A  list  of  the 
plant  taica  in  the  vicinity  of  Area  A,  identified  to  date,  appears 
in  the  accompanying  Table.     This  list  is  only  partially  complete  at 
this  time,  and  has  not  yet  been  compared  with  a  herbarium 
collection  for  verification. 

Further  vegetation  sampling  at  the  Big  Sky  Nine  site  is  planned 
in  the  near  future.    A  brief  narrative  description  of  each 
vegetation  type  follows: 

\  Big  Sagebrush-Grassland  Vegetation  Type  (Code  101) 
This  vegetation  type  occurred  typically  on  thz  lower 
elevation  benches,  flats,  and  steep  footslopes,  and 
appeared  to  be  closely  associated  with  the  soils  of  the 
Ringling  and  Lambeth  series,  as  described  by  Parker  (1970). 
This  vegetation  conmuaity  occupied  7%  of  the  study  area, 
as  determined  by  the  dot-grid  overlay  technique.  A 
diversity  index  value  of  38.24  and  55.00  (Odum  1959;  and 
Phillips,  1959)  for  the  two  transects  in  this  vegetation 
type  would  suggest  that  the  Big  Sagebrush-Grassland  Type 
is  a  relatively  mature  and  stable  plant  community.  This 
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type  was  characterized  by  big  sagebrush  (.Avtemisia 
tridentata)  and  broom  snakeweed  (Gutierrezia  sarothrae) 
domlnatitig  the  shrub  aspect  of  the  landscape  (Figure  1)  . 
The  dominant  grasses  appeared  to  be  western  wheatgrass  . 
CAgropyron  smithii) ,  junegrass  (Koeteria  cristata)j  blue 
grama  (Boutetoua  graailis) ,  and  sandbarg  bluegrass  (Foa 
secrnnda) .    A  variety  of  annual  and  perennial  forbs  occurred 
on  this  type.  1 

Silver  Sagebrush-Grassland  Vegetation  Type  (Coda  102) 
This  vegetation  type  occurred,  typically,  on  the  lower 
elevation  benches  and  flats,  just  as  did  the  Big  Sagebrush 
Vegetation  Type  (Figure  2) .    It  also  appeared  to  be 
closely  associated  with  the  soils  of  the  Ringling  and 
Lambeth  series.    Silver  sagebrush  tends  to  occupy  moister 
sites  than  big  sagebrush.    A  diversity  index  value  of 
37.89  and  47.85  for  the  two  transects  in  this  floral  ( 
community  indicate  that  it  is  a  relatively  stable  and 
mature  plant  coxmnunity.    This  vegetation  type  was  the 
most  prevalent,  and  occupied  30.7%  of  the  study  area. 
Silver  sagebrush  (Artemisia  cana)  and  broon  snakeweed  are 
the  prevailing  shrubs.    Western  wheatgrass,  junegrass, 
cheatgrass  (Brorms  tectonm) ,  and  needle-and-thread  (Stipct 
comata)  are  the  most  predominant  grasses.     Fringed  sagewort 
(Artemisia  frigida)  and  common  salsify  (Tragopogon  dubius) 
were  the  prevalent  forbs.  1 


Figure  4.    Rhus-Grassland  Vegetation  Type  (Code  201)  as  it 
occurs  on  a  sparsely  "shrubby"  site. 
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\  Rhus-Grassland  Vegetation  Type  (Code  201) 
This  vegetation  type  generally  occurred  on  the  sandy 
footslopes  beneath  sandstone  outcroppings  C^'igure  3)  on 
soils  of  the  Lambeth  series,  where  it  seemed  to  function  ' 
as  a  transitional  zone,  or  ecotone,  between  the  upland 
timber  vegetation  types  and  the  lovzer  elevation  grass- 
lands.   This  type  x-ras  quite  variable,  with  an  admixture 
of  plant  species  from  several  other  vegetation  types,  . 
The  aspect  of  this  vegetation  community  varied  from 
conspicuously  "s?irubby"  to  a  near  paucity  of  shrubs  ■ 
(Figure  4) .    This  type  also  occurred  on  the  Ringling 
soils  of  the  upland  mesas  (Figure  5) .    A  diversity  index 
of  28.04  is  probably  indicative  of  a  transitional  zone,  . 
and  indicates  the  rather  variable  community.  Rhus- 
Qrassland  was  the  second  most  common  vegetation  type, 
occupying  19.2%  of  Area  A.     Skunkbush  sumac  (Rhus 
tvitobata) 3  biennial  sagewort  .(Artemisia  biennis) ^  and 
broom  snakeweed  were  the  most  common  shrubs  found  in 
this  type.    Needle-and- thread,  cheatgrass,  and  sedges 
(Carex  spp.j  were  the  predominant  grasses  or  grass-like 
plants  of  the  type.     Spiny  goldenweed  (Haplopappus 
spinuZosus)  and  woolly  plantain  (Platitago  pzo'shii]  were 
the  most  commonly  occurring  knovm  forb  plants.  [ 

Ponderosa  Pine  Vegetation  Type  (Code  301) 

The  Ponderosa  Pine  Vegetation  Type  typically  occurred  on 

the  slopes  and  ridges  dominated  by  Yawdim  and  Lambeth 
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Figure  8.    The  Ponderosa  Pine-Junipar  Vegetation  Type  (Cod 
302)  on  an  east  slope. 


■   soils  (Figure  6) .     Extended  "fingers"  of  this  type  often 
followed  the  noist  bottoi?.s  in  the  very  upper  extremities 
of  creek  drainages.     The  overstory  aspect  of  this  type 
varied  frora  a  near  closed  canopy  voods  to  an  open  canopy 
park  of  scattered  trees.     This  type  appeared  to  exhibit, 
most  conspicuousl}^,  the  effect  of  favorable  soil  and 
moisture  conditions.    The  understory  vegetation  of  this  . 
type  varied  inversely  with  the  overhead  canopy  in  regard 
to  cover,.    In  areas  of  open  canopy,  the  understory 
vegetation  complex  was  well  developed,  and  cover  values 
were  "normal"  for  the  overall  area.     In  areas  of  closed 
canopy,  the  understory  was  sparse  and  poorly  developed,  . 
as  might  be  expected  (Figure  7) .    Diversity  index  values 
of  13.20  and  15.00  for  the  two  "Daubenmire"  transects  in 
this  "type  substantiated  this  developmental  concept.  The 
Ponderosa  Pine  Vegetation  Type  occupied  16.4%  of  the  area. 
The  principle  shrubs  of  the  understory  were  broora  snake-  • 
weed  and  skunkbush  sumac.    The  representative  grasses 
of  this  type  v;ere  bluebunch  wheatgrass  (Agvopyr'On  sp-vcatvjn) 
and  prairie  sand  reedgrass  (CdLomovltja  long-vjoHa) .  The 
characteristic  forbs  present  were  white  prairie  clover 
(Petdlosternon  candidum)  ^  scarlet  gaura  (Gcarra:  coccinsa) y 
and  field  chick^-/eed  (Cerast-ivjn  aroense} .'  ( 

I  Ponderosa  Pine-Juniper  Vegetation  Type  (Code  302) 
This  vagetation  type  primarily  occurred  on  the  nesic  north 
and  east  slopes  of  the  coarse  and  rocky  Yav;dis  soils 
(Figure  8).     On  the  drier  south  and  west  slopes,  the  actual 


Figure  5.    The  Rhus-Grassland  Vegetation  Type  (Code  201)  on 
an  upland  mesa. 


timber  aspect  was  often  sparse  (Figure  9),  but  the  soil 
conditions  were  consistent  v/ith  this  type,  and  these 
situations  may  represent  a  "preclinax"  (Costing  1956)  of 
the  Ponderosa  Pine-Juniper  Vegetation  Type.     This  type 
often  intergraded  freely  to  the  Ponderosa  Pine  Vegetation 
Type.    This  type  comprised  13.1%  of  the  study  area.  One 
"timber"  transect  was  run  in  the  Ponderosa  Pine-Juniper 
Vegetation  Type.   A]  diversity  index  of  82.00  \ 
for  the  overstory  vegetation  suggests  that  this  "timber"  " 
community  is  reasonably  stable.    The  understory  vegeta- 
tion of  this  vegetation  type  was  variable,  as  the  diversity 
index  of  27.69  for  the  one  "Daubenmire"  transect  indicates. 
The  major  woody  vegetation  species  present  in  the  under- 
story of  this  conmiunity  were  broom  snakeweed  and  young 
Rocky  Mountain  juniper  (Juniperus  scopuZonarJ  .  The 
predominant  grasses  represented  in  this  floral  community 
were  bluebunch  vzheatgrass  and  junegrass.    A  wide  variety 
of  f orbs  occurred  in  this  type  .  \ 

Caprock-Gumbo  Knob  Vegetation  Type  (Code  303) 
This  type  comprised  only  .1%  of  the  study  area  and,  vrhere 
present,  occurred  on  the  Yawdim  soils  as  described  by 
Parker  (1970) .     This  type  was  found  on  extremely  severe 
sites  with  steep  slopes  and  possibly  localized  alkaline 
conditions  (Figure  10) .     A  relatively  low  diversity  index 
of  28.46  implies  that  this  type  is  a  "subclimax"  or 
"preclitr.ax"  (Costing,  1956),  probably  of  one  of  the  timber 
vegetation  types.     The  most  prevalent  shrubs  on  this  type 


Figure  9.    The  Ponderosa  Pine-Juniper  Vegetation  Type  (Code 
302)  at  a  dry  v/est  slope  site. 


Figure  10.    Caprock-Gumbo  Knob  Vegetation  Type  (Code  303) 
Note  the  paucity  of  ground  cover. 


\ 


were  rubber  rabbltbrush  CCkrysothamnus-  nauseosus)  and 
broom  snakeweed.    The  primary  grasses  found  here  were 
western  wheatgrass  and  bluebunch  v/heatgrass.  Characteris- 
tic forbs  included  threeleaved  milkvetch  (Astragalus 
gitviflorv.s) ,   (Eriogonum  multiceps) ^   tufted  evening 
primrose  (Oenothera  caespitosa) ,  and  prairie  thenaopsis 
(Thermopsis  rhombifolia) .   Ground  cover  on  this  | 
type  was  extremely  sparse. 

/ Creek  Bottom  Vegetation  Type  (Code  401) 
The  Creek  Bottom  Vegetation  Type  typically  occurs  on  the 
alluvial  soils  of  the  drainage  bottoms  and  comprises 
4.3%  of  the  study  area.    This  type  was  quite  variable  and  ^ 
may  have  been  in  a  perpetual  state  of  "disclimax"  due 
to  frequent  disturbance  by  flooding.    Diversity  indices 
on  this  vegetation  type  were  inconsistent  and  may  have 
been  the  result  of  the  progressive  change  and  disturbance 
along  the  course  of  the  drainage.     In  the  upper  reaches 
of  the  drainages,  this  type  appeared  as  a  mesic  swale 
containing  dense  stands  of  silver  sagebrush,  prairie 
rose  (Eosa  arkansana) ,  and  western  snowberry  (Symphpricarpos 
occidentalis)  (Figure  11) .    Progressing  dora  the  drainage, 
boxelder  (Acer  negundo}^  and  plains  Cottonwood  (Populus  ■ 
dettoides)  assume  a  dominant  overs tory  aspect,  and  the 
silver  sagebrush,  prairie  rose,  and  western  snowberry 
remain  the  characteristic  understory  vegetation  (Figure  12). 
Grasses  uniquely  characteristic  to  the  Creek  Bottom 
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Vegetation  Type  were  Canada  .lld-rye  (Elrjn,,.s  canadensis), 
foxtail  barley  CEovdeim  julat^Mn} ,  switchgrass  (PardcvMi 
vlvgatuM),  Kentucky  bluegrass  (Poa  pratensis) ,  and 
alkali  cordgrass  (Spartina  gvacU-is) .  Cudweed  sagevort  • 
(Avtemisia  lucoviciana) ,  black  medic  (Medicago  licpv.lir^) , 
and  Solidngo  missouriensis  were  common  forbs  of  the  Creek 
Bottom  Vegetation  Type. 

\  Agricultural  Vegetation  Types 

The  distribution  of  the  Agricultural  Vegetation  Types, 
Abandoned  Meadow  (Code  501) ;  Hayfield  (Code  502); 
Grainfield  (Code  503),  bore  little  relation  to  the  natural 
physiognamy  of  the  area.    Eayflelds  (Figure  13)  often!  " 
were  found  on  the  floodplain  of  the  major  creek  bottoms 
of- the  area,  or  wherever  agricultural  practices,  such  ' 
as  irrigation  and  row  cropping,  could  support  hay  crops.  ' 
Dry  farming  grain  crops  (Figure  14)  could  be  found  in 
nearly  any  locale  whero  the  topography  of  the  area  did 
not  prohibit  use  of  farm  machinery.    The  Abandoned  Meadow  . 
Type  (Figure  15)  occurred  wherever  former  hay  or  grain 
cropland  was  left  dormant  and  allowed  to  return  to 
■  natural  vegetation.     Various  stages  of  secondary  succession 
could  be  found  in  this  vegetation  type.     Ko  quantitative 
sampling  was  conducted  on  any  of  the  agricultural  vegeta- 
tion types  due  to  their  homogeneity  and  temporary  nature. 
The  Abandoned  Meadow  Vegetation  Type  made  up  .3%  of  the 


Figure  13,    Hayfield  Vegetation  Type  (Code  502).    Notice  dry 
land  row  cropping. 


Figure  14.    Grain  Field  Vegetation  Type  (Code  503).  f.'otice 
strip  planted  grain  fields  and  summsr  fallow. 


Figure  15.    The  Abandoned  Meadow  Vegetation  Type  (Code  501). 


•area;  the  Hayfield  Type,  19%;  and  the  Grain  Cropland 
type,  A. 7%. 

Peabody  Coal  Nine  Site 

The  vegetation  complex  of  the  coal  inine  spoils  bank  is 
unique,  with  varying  degrees  of  natural  revegetation  ' 
and  reclamation.     The  spoils  banks  vegetation  vas  not 
studied  during  the  field  study  period  covered  in  this 
report.    The  coal  mine  site  occupied  3.3%  of  the  study 
area. 
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Common  Maine 


TREES: 


SHRUBS: 


GRASSES  AND  GRASS 
LIKE  PLANTS: 


(Continued) 


Acer  r.egundo 
Fraxinus  pennsyZvanica 
Juniperus  scopulorum 
PiniiB  ponderosa 
Populus  deltoides 
SaZ-ix  spp. 
Ulmus  amevicana 


Artemisia  cana 
Artemisia  tridentata 
Atriplex  confertifolia 
Atviplex  nuttallii 
Chrysothmnus  nccuseosus 
Chrysothaxmus  viscidiflorus 
Crataegus  suceulenta 
Eurotia  lanata 
Gutierrezia  sarothrae 
Juniperus  horizont-alis  "~  ' 
Oenothera  serrulata 
Frunus  americana 

Prunus  virginiana 

Rhus  trilohata 

Ribes  aureim 

Ribes  cereim 

Ribss  setosum 

Rosa  avTiansana 

Shepherdia  avgentea 

Symphoricarpos  ocaidentalis 


Agropyron  desertorum 
Agropyron  smithii 
Agropyron  spicatvm 
Agropyron  trachycavJlum 
Andropogon  geradi 
Andropogon  scoparius 
Aristida  longiseta 
Boubeloua  eurtipendula 
Bouteloua  gracilis 
Bromus  inermis 
Bromus  japonicus 
Bromus  tectorum 


Boxelder 
Green  ash 

Rocky  Mountain  juniper 
Ponderosa  Pine 
Plains  Cottonwood 
Willow 
American  elm 


Silver  sagebrush 
Big  sagebrush 
Shadscale  saltbush 
Nuttall  saltbush 
Rubber  rabbitbrush 
Green  rabbitbrush 
_  Fleshy  hawthorn 

Wlnterfat 

Broom  snakeweed 

Creeping  juniper  ••  .• 

Shrubby  evening  primrose 

Wild  plum 

Chokecherry 

Skunkbush  sumac 

Golden  currant 

Squaw  currant 

Redshoot  gooseberry 

Prairie  rose 

Buffalo-berry 

Western  snowberry 


Crested  wheatgrass 
Bluestem 

Bluebunch  wheatgrass 
Slender  wheatgrass 
Big  bluestem 
Little  bluestem 
Red  three-a^vTi 
Side-oats  grama 
Blue  grama 
Smooth  brome 
Japanese  chess 
DoTOy  chess  brone 


Scientific  Name 


CoOTnontlam  e 


Calcr.ovilfa  longifotia 
Carax  spp. 
Car ex  viridula 
ElyrrpAS  coKadensis 
Festv.ca  oato flora 
Hordcum  QiCbatuin 
Koatsria  cristata 
liuhtenbargia  cuspidata 
Oryzopsis  hymanoides 
Ox^yzopsis  micrantha 
Panicum  virgatvjn 
PkaZaris  anindinacea 
Poa  ampla 
Poa  canhyi 
Poa  pratensis 
Poa  scahratla 
Poa  secunda 
Sairpus  spp. 
Spart-Cna  gracilis 
Sporoholus  airoides 
Stipa  comata 
Stipa  viridula 
Typha  latifolia 


FORBS:  Achillea  miVlefolivm 

AllivM  textile 
AtisvM  plantago-aquatica 
Alyssim  atyssoidas 
Amaranthus  albus 
Amararnthus  ratroflexus 
Androsace  septentrionalis 
Antenraria  parvi folia 
Antsnnaria  rosea 
Argamone  intermedia 
Arenaria  hookeri 
Artemisia  biennis 
Artemisia  dracuncv.lv.s 
Artemisia  frigida 
Artemisia  ludoviciana 
Asclepias  spaciosa 
Asclepias  vavticillata 
Asclepias  viridiflora 
Aster  canascens 
Astragalus  canadensis 
Astragalus  cicer 
Astragalus  dasyglottis 
Astragalus  gilviflorus 
Astragalus  gracilis 


Grasses  and  Grass- 
like plants 
(Continued) : 


Prairie  sand  reedgrass 

Green  sedge 
Canada  wild-rye 
Six-week  fescue 
Foxtail  barley 
Junegrass 
Plains  Quhly 
Indian  ricegrass 
Littleseed  ricegrass 
Switchgrass 
Reed  canary  grass 
Big  bluegrass 
Canby  bluegrass 
Kentucky  bluegrass 
Pine  bluegrass 
Sandberg  bluegrass 

Alkali  cordgrass 
Alkali  dropseed 
Needle-and-thread 
Green  needlegrass 
Conntion  cattail 


Yarrow 
Wild  onion 

American  water-plantain 
Pale  alyssum 
\7hite  pigi/eed 
Redroot  pigi-zeed 
Northern  androsace 
Small-leaf  pussytoes 
Rose  pussytoes 
Prickly  poppy 
Hooker  sandwort 
Biennial  sagewort 
False-tarragon  sagewort 
Fringed  sagewort 
Cudweed  sagewort 
Sho^'/y  milkweed 

Green  nillrveed 
Hoary  aster 
Canada  nilkvetch 
Cicer  nillrv-etch 
Purple  nilkvetch 
Three-leaved  nilt:vetch 


(Continued) 


Scientific  Name 


Common  Name 


Forbs  (Continued) :       Astragalus  missouriensis 

Astragalus  purshii 
Astragalus  striatus  ' 
Bahia  oppositifolia 
'Balsomor'niza  Sagittata. 
Besseya  wyomingensts 
Caloahorizis  nuttallii 
Cameli-na  microearpa 
Campanula  rotv.ndi folia 
Capsella  bivr'sa-pastoris 
Cavduus  nutans 
Castilleja  sessiliflora 
Crepis  spp. 
CerastivM  arvense 
Chaenaat-Cs  dmiglasii 
Chenopodivxn  alhum 
Chenopodlvm  leptophyllim 
Criorispora  tenella 
Chrysopsis  villosa 
Cirsium  undulatum 
Comandra  umhellata 
Convolvulus  a:rvensi3 
Cryptantha  hradbtwiana 
Delphinium  hicolor 
.  Draha  nemovosa 

.  Eehi-naceae  pallida 
Erigeron  divevgens 
Erigeron  pumilus 
■  ■  ■  Eriogonvm  annum 

Eviogonum  multiceps 
■  Erodium  cieutariwn 
Erysimum  aspenm 
Eirpliovbia  robusta 
,  Evolvulus  nuttallianus 

Fritillaria  pudica 
Gaura  coccinea 
.    .       ■  Gaura  parviflora 

Gevm  triflorvm 
Cilia  congesta 
■      ■  ■  Glycyrrhiza  lepidota 

Grindelia  squarrosa 
Uackelia  floribunda 
Haplopappus  lanceolatus 
■     '    Haplopappus  nuttallii 
Eedeoma  drvmmondii 
Eelianthus  annuiis 
,  Eelianthus  petiolaris 

Eyrmnopappi'.s  filifolius 
Koehia  scoparia 
Lactuca  pulchella 
La.ctv.ca  serviola 
Lappula  Gchniata 

(Continued) 


•Missouri  railkvctch 
Pursh  loco 
Prairie  nilkvetch 
Opposite-leaf  bahia 
Arrov7leaf  balsatnroot 
Kittcntail 
Mariposa  lily 
Littlepod  false-flax 
Roundleaf  harebell 
Shepherd's  purse 
Musk  thistle 
Indian  paintbrush 
Hawksbeard 
Field  chicln.7eed 
Douglas  dusty  maiden  . 
Lamb's  quarter 
Narrowleaf  goosefoot 

Golden-aster 
Wavyleaf  thistle 
Pale  bastard  toadflax 
Field  bindweed 
Miner's  candle 
Low  larkspur 
Woods  draba 
Purple  coneflower 
Spreading  fleabane 

Annual  eriogonum 

Alfilaria  .  . 

Plains  V7ailflower 
Fvobust  spurge 

Yellow  bell 
Scarlet  gaura 
Small-flowered  gaura 
Prairie  srnoke 
Densely  flowered  gilia 
Wild  licorice 
Curl  cap  gun- reed 
Many  flowered  stickseed 
Lance  goldenweed 
Nuttall  goldenweed 
Druramond  false  pennyroyal 
Common  sunflower 
Prairie  sunflower  " 
Narrowleaf  hymenopappus 
Kochia,  su-mer  cypress 
Blue  lettuce 

European  stick  tight 


Scientific  Nane 


Common  Uane 


Lappula  2^ado:03kii 
Lepidiim  dsnsifloncr. 
Lspidium  parfol-iatum 
L2squ.ereZla  tudovioiana 
Leucocvir^^TTi  rr.onianum 
Liatris  punctata 
Linvm  psranne 
L-ir.icr.  rigidicn 
Li-thosp^rnTion  arvense 
Lithosparrmm  incisum 
Lortatiisn  spp. 
LupirMS  tepidus 
' Lygodesmia  suncaa 
I'amillaria  vivipara 
MaiTuhiivn  vulgar e 
Uedicago  Iv.pv.l-i-na 
I'sdicago  sativa 
k'eti.totus  alba 
Met-ilotiis  off-ici'ndl-is 
Mentha  arvensis 
lientzet-ia  decapatata 
I-Iertensia  lanceolata 
llicrosevis  cuspidjata 
Monarda  f-istutosa 
Oenothera  biennis 
Oenothera  caespitosa 
Oenothera  nuttdtHi 
Opuntia  poZycantha 
Oxytropis  lambertii 
Oxy  tropis  sericea 
Fedieiilaris  paysoniana 
Penstemon  dlbidv.s 
Tenstemon  erianthevus 
Penstemon  nitidus 
Petalostemon  carAidm. 
Fetalostemon  purpi'sceum 
FhacaZia  franktinii 
PhaceZia  hastata 
'PhZox  hoodii 
PhZoxkeZseyi 

Physaria_  didymocpcrpa  ^ . 
PZontago  purshii 

PobentiZZa  gracilis  . 
PsoraZea  argophylta 
PsoraZea  esev.Zenta 
PsoraZea  tenuiftora 
EaKuncuZus  gZaherrirrzis 
Ratibida  coZvmnifera 


Western  stick  tight 
Prairie  pepperweed 
Clasping  p3pparT'7eed 
Silver  bladderpod 
fountain  star  lily 
Dotted  blazingstar 
Blue  flax 
Stiffsten  flax 
Field  grorvall 
Narrowleaf  gror.vell 

Pacific  lupir.a 
Pjjsh  skeleton  weed 
Pink  pincushion  cactus 
Ilorchound 
Black  nedic 

Alfalfa  .... 
1/hite  s-„-eetclover 
Yellow  sweetclover 
Field  Hint 

Ten-petal  blazing  star 
Lanceleaf  bluebell  . 

Horse  mint 

Rydberg's  evening  primros 
Tufted  evening  primrose 
Kuttall  evening  primrose 
Plains  pricklypear 
Purple  pointloco 
T'-'hite  pointloco 

Vrhite  penstemon 

Fuzzytongue  penstetcon 
Uaxleaf  panstecon 
IJhite  prairie-clover 
Purple  prairie-clover 

Silverleaf  phacelia 
Hoods  phlox 
kelsey  phlox 
Common  ti^inpod 
Uoolly  plantain 
Korth".;33t  cinquefoil 
Silverleaf  scurfpca 
Breadroot  scurf pea 
Slinflover  scurfpea 
Sagebrush  buttercup 
Prairie  ccr.eflo-.rar 


Scientific  Nane 


Common  Name 


Forbs  (Continued)  :        I^hus  vadiaans 

Rvjnea:  crispus 
Sagittaria  cvrneata 
Satsola  hati 
Sanecio  ccvnv.s 
Sisi-frrl>riim  aZtissimum 
Sisynorium  Zoeseli^- 
Smitacirux  stetlata 
Sot'L-dago  missour-iensis 
Sot-Cdago  mott-is 
Splme-ratcsa  ccacinea 
Taraxacim  ofjicinaZe 
'Tke-jT^nopsis  vhomhifoZia 

■  Tklaspi  expense 
Townsendia  hoo'ke-i:>i' 

.     ■     ■  ■  '  Tvadescccnt-ia  occtdentat'is  ^ 

■Tragopogon  dubius 
.Urt-ica  dioiea 
Verbaseum  thapsus 
Verbena  braatsata 
V-icia  amevicana 
VioZa  nuttaZZ-ii 

■  Yucca  gZauca  . 
Zigadenus  venenosus 


Poison  ivy 
Curl  dock 

Arum-leaved  arrovrleaf 
Russian  thistle 
T'Joolly  groundsel 
Tumblesustard 
Sraallpod  tumblenustard 
Starry  false  Solorion's  sc-al 

Goldenrod 

Scarlet  globemallow 
Common  dandelion 
Prairie  thermopsis 
Fanv/eed 

Spidert/ort  .  ' 

Common  salsify 
Stinging  nettle 
Flannel  roullein 
Bracted  verbena 
American  vetch 
Huttall  violet 
Soap-v7eed 

Headow  death  camas 


"This  list  is  not  complete  at  this  time.     Plant  specimens  v:ere  identified  in  the 
field  V7ith  the  aid  of  floral  keys.     Specimens  have  not  been  verified  by  compari- 
son v/-ith  a  herbarium  collection.  . 


APPENDIX  #7 


WILDLIFE  INVESTIGATIONS 
By 

Ecological  Consulting  Service 


WILDLIFE  CONDITIONS 


An  analytical  assessment  of  the  ecological  relationships  of  the  native 
fauna  and  flora  of  the  Big  Sky  Mine  V7as  initiated  in  early  July,  1973. 
The  study  area  was  composed  of  10  sections:  13  through  15,  21  through 
24,  and  26  through  28  of  Township  1  North,  Range  41  East,  in  Kosebud 
County,  Montana.  Field  work  began  with  a  concentrated  study  of  Area  A 
with  primary  emphasis  on  wildlife  reconnaissance  and  quantitative 
measurements.    The  results  of  these  studies  are  reported  herein. 

Birds; 

A  vehicle  observation  route  has  been  established  on  the  study  area,  and 
records  are  being  maintained  for  all  faunal  species  observed  since  the 
inception  of  the  study.     Non-game  birds  observed  while  traveling  this 
route  are  merely  listed  to  indicate  presence.     Game  bird  observations 
are  documented  as  to  location  to  the  nearest  1/lOth  mile  by  latilong 
designation  coordinates,  time  of  day,  species,  age,  sex,  flock  composi- 
tion, weather,  animal  activity,  and  vegetation  type  on  which  the  birds 
occurred. 

A  list  of  all  game  and  non-game  birds  observed  on  Area  A  or  the  surround- 
ing vicinity  appears  in  the  accompanying  Table.     No  game  birds  have  been 
observed  on  Area  A  at  the  time  of  this  report;  however,  several  game 
species  of  v/aterfowl  are  known  to  utilize  the  area  during  the  spring  and 
fall  migration.     There  are  large  and  well  established  populations  of 
sharp-tailed  grouse  in  the  immediate  area,  and  a  few  sage  grouse  have 
been  observed.  The  major  creek  bottoms  of  nearby  areas  are  kno'.:n  to 


harbor  pheasant  populations  of  various  numbers,  and  a  few  Hungarian 
partridge  are  known  to  be  close  by.     V«ildlifexeconnaissance  is  continuing 
on  the  area. 

Animals 

Mammal  and  reptile  presence  on  Area  A  v;as  recorded  in  the  sane  Eanner 
as  avian  observations.     Game  mammal  observations  V7ere  fully  recorded 
and  documented,  and  no n- game. mammals  and  reptiles  were  recorded  as  to 
presence . 

The  mammals  and  reptiles  observed  in  the  proximity  of  the  study  area  to 
date  are  listed  in  the  accompanying  Table.     Only  one  observation  of 
pronghorn  antelope  (Antilocapra  americana)  has  been  recorded  on  the  area 
at  the  time  of  this  writing;  however,  pronghoms  are  quite  common  in 
this  vicinity.     Several  observations  of  mule  deer  (Odoooileus  hemionus) 
have  been  made  on  Area  A.     Thirty-seven  individual  mule  deer  sitings  were 
made,  with  most  of  the  occurring  on  the  Rhus-Grassland  Vegetation  Type, 
Observation  routes  are  planned  to  continue  throughout  the  field  period 
of  this  study. 

Small  mammal  trap  lines  have  been  placed  in  four  locations  within  various 
vegetation  types  in  an  attempt  to  ascertain  species  present  and  "relative" 
abundance.     Each  trap  line  consisted  of  ten  snap-type  Victor  mouse  traps 
baited  with  peanut  butter,  placed  approximately  30  paces  apart,  and 
located  entirely  within  a  distinctly  recognizable  plant  community.  The 
trap  line  is  checked  and  baited  daily  for  a  trapping  period  of  five  days 
at  each  trap  line  site.     The  species  of  small  mammal  trapped,   the  Trap 


Station  Number  (1-10),  sex,  age,  and  breeding  condition  of  animals 
trapped  is  recorded.     No  attempt  has  been  made  to  investigate  the 
"absolute"  numbers  of  these  small  mammal  populations.     The  results  of 
this  trapping  appear  in  the  accompanying  Table.     It  is  too  early  in 
the  data  gathering  process  to  draw  any  conclusions  from  the  trap  line 
results  at  this  time.     Small  mammal  trapping  will  continue  for  the 
duration  of  the  study. 

Insects  ' 

No  evaluation  of  the  insect  populations  of  the  Big  Sky  Mine  vicinity 
have  been  made  at  this  time. 

Endangered  Species 

Only  two  animals  from  the  rare  and  endangered  species  list,  the  black- 
footed  ferret  (Mv.stela  nigripes)  and  the  American  peregrine  falcon 
(Fdlco  peregri?ius  anatum) ,  could  be  expected  to  be  found  on  the  prairies 
of  the  eastern  Montana  region.     No  sign  of  either  species  has  been 
found  on  the  Peabody  Big  Sky  Mine  Area  A  to  date. 

Aquatic 

No  evaluation  of  the  aquatic  habitats  or  the  limnological  characteris- 
tics of  the  aquatic  environs  of  the  area    have  been  made  at  this  phase 
of  the  study.     However,  some  work  of  this  nature  is  planned  for  the  near 
future . 


SMALL  MAl-E-IAL  SPECIES  TRAPPED  AT  FOUR  TRAP  LINE  SITES  IN  APvEA  A  OF  THE 
PEAEODY  BIG-  SKY  CC^'MINE,'  COLSTRIP, 'HONTA^NA  i 


TP^  LINE  frl*  — -  (N.  016.8)  BIG  SAGEBRUSH-GPJlSSIAND  TYPE 


No  sriall  Kacnals  were  trapped  at  this  trapping  site. 


TRAJ?  LINE  v2  —  (N.  316.4)  SILVER  SAGEBRUSH-GRASSLAMD  TYPE 


Species  July  July  July  July  July 

12    ^    ^    ^      13  U_  [  15  _  16 

Western  Deer  Mouse 

'(Perorrnjscv.s  Tnccn-icvXatv,s)   0  


TRAP  LINE  #3  --  (N.  514.5)  PONDEROSA  PINE  VEGETATION  TYPE 

Species                               July            July  July  July  JTuly  Total 
  25                26                 27                28  29  _ 


t'Testern  Deer  Mouse 

(Peromj sous  rncrniciiiatus}  ...... .    0   0   0  1.  0  "  ,  i 


TRAP  LINE  #4  —  (N.  614.5)  RHUS -GRASSLAND  TYPE 


Western  Deer  House 


July 

July 

July 

July 

25 

26 

27 

28 

3.  .  .  , 

....  4  

Species  July  July  July  July  July  Total 

29 


Prairie  vole 

(Microty.s  cohrogaster)   0   0   '0. 


12 


*Trap  line  locations  are  sho\ra  on  the  accompanying  Map. ' 


LOCATION  OF  FOUR  SMALL  MAMMAL  TRAP  LIIIE  SITES  AND  ANIMAL  OBSERVATION  ROUTES  ON 
MINING  AREA  A  OF  THE  PEABODY  BIG  SKY  COAL  MINE,  COLSTRIP,  MONTANA 
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LIST  OF  ANII-IALS  OBSERVED  ON  AREA  A  OF  THE  PEABODY  BIG  SKY  COAL  MINE 
OR  ON  THE  n-IMEDIATE  SURROij:roiNG  VICINITY 


Scientific  Name 


Common  Naga 

M^-IMAiS:  Badger 

Bobcat 
Coyote 
Deer  Mouse 
Desert  cottontail 
Least  chipmunk 
Longtail  weasel 
Mule  deer 
Nuskrat 
Porcupine 
Prairie  dog 
Prairie  vole 
Pronghorn  antelope 
■    ■  •    '  ■  Raccoon 
■   ■         Red  fox 
"  ■     _  Striped  skunk 

Thirteen-lined  ground  squirrel 
-  T'Thite-tailed  deer         -  - 
TThite-tailed  jackrabbit 
Yellowbelly  marmot 


Taxidea  tax^j.s 
Lynx  xv.fus 
Cants  latrans 
Peromyscus  Tr.an-icv.ZatiiS 
SyZvilagus  cuduoorrni 
Eutami-as  nin-imu.s 
I'jv.steta  fverjxta 
Odoco-iteus  hsn-L-iomis 
Ondatra  z-Vhzfn'icj.s 
Erefhizon  doTsat^^Tn 
Cynomys  tuooviclcrnus 
Mierotus  oelvrogastsr 
AntiZocapra  ajmrioana 
Procyon  totor 
VuZpes  vuZpes 
Mephitus '  msphity.s 
SparniopJii-ZZus  tvideeetineaius 
Odoeo'tZsus  vLrginianus 
Lepus  townsend'i-i 
Maxmoia  ftavi-ventT-is 


BIRDS:  American  coot 

American  goldfinch 
.    _   •        •    •  "  •  .  American  widgeon 

'•      ■  Bam  swallow 

Black-capped  chickadee 
■        .  ■         .  Blue-winged  teal 

Brewer's  blackbird 
Brewer's  sparrovz 
BrovJn-headed  cowbird 
Cinnamon  teal 
Connnon  crow 
Coinmon  night  hawk 
Eastern  kingbird 
Gadwall 
Golden  eagle 
.  .  ,       Great  homed  owl 
Horned  lark 
House  sparrow 
Hungarian  partridge 

(Continued) 


FuZi^ca  oinsricar^ 
Spinv.s  trist-is 
Mareca  armTicarjx 
E-iTv.ndo  Tv.$ti.ca 
PcTus  atricapi-ZZus 
Anas  discor's 
EupTiagv.s  cyanocsphaZus 
Spi-zeZZa  hrsioeri. 
I'loZotJirus  ater 
Anas  cyanoptsra 
Cowiis  DrachyThyT.chDS 
CkoTdei.lss  r.trx)r 
Tyvarnnv.s  tyr^cinnus 
Anas  strzpara 
A.cziita  chryscetcs 
Bubo  vivginianv.3 
Everr.ophila  aZpestvis 
Passer  dar.sst-icus 
Psrdix  pardix 


\ 


Common  Nane 


Scientific  Name 


Killdeer 

Lark  bunting 

Lark  sparrow 

Loggerhead  shrike 

Magpie 

Nallard 

Marsh  hawk 

Mountain  bluebird 

Mourning  dove 

Pintail 

Pinyon  jay 

Red-headed  vroodpecker 
Red-shafted  flicker 
Red-tailed  hawk 
Red-winged  blackbird 
Ring-necked  pheasant 
Rob  in 

Rusty  blackbird 
Sage  grouse 
Sharp-tailed-  grouse 
Shoveller 
Sparrow  hawk 
Upland  plover 
Vesper  sparrow  ^ 
Violet-green  swallow 
Vrestern.  kingbird 
Western  meadowlatk 
IThite-breasted  nuthatch 
in:iite-cro^med  sparrow 
Wilson's  phalarope 
Yellow  warbler 


ChaTadi-n.y.3  vociferous 
Calair.ospiza  meZanocorys 
Chondestss  grcmr.acus 
Lanius  tudovioi-ar.y.s 
"Pica  pica 
Anas  pZatyrhfKchos 
Circiis  cyaneus 
Sialia  cvjpruooides 
Zenaidvj'a  ,rr.acroura 
Anas  acuta 

GyrnnorhirMS  cycKocsphala 
Metanevpss  erythrocep'h^Zv.s 
CoZaptes  cafer 
Buteo  jamaicensis 
AgeZaius  phosnicaus 
Phasianus  coZchicus 
Tardus  migratoTius 
Eicphagus  caroZinus 
Centrocercus  urophasianus 
V-ediocetes  phxsiansZZv.s 
Spatv.Za  cZypeata 
FaZcx)  spoiTOarius 
Bartramia  Zongicav.da 
Fooecetes  granrinsv.s 
Taohjoineta  thaZassina 
Tyrannus  verticaZis 
StvjmeZZa  negZeata 
Sitta  caroZine-nsis 
Zonotviohia  Zeucophrys 
Steganopus  tricoZor> 
Vsndroica  petechia 


Bull  snake 

Prairie  rattlesnake 

Racer 


Pituophis  catenifer 
CrotaZus  viridis 
CoZuber  constricter* 
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Introduction 


Archaeological  reconnaissance  and  salvage  excavation  are  aspec!:3  of  the 
Peabody  Coal  Company's  program  for  environmental  protection  and  surface  recla- 
mation of  lands  Ln  south  central  Montana  which  it  plans  to  strip  mine  for  coal.  To 
help  implement  this  program,  on  17  May  1971  agents  of  Peabody  Coal  Company  con- 
tracted with  the  University  of  Montana  Statev/ide  Archaeological  Survey,  through  the 
University  of  Montana  Foundation,  to  conduct  an  archaeological  survey  on  the  follow- 
ing lands  in  Rosebud  County,  Montana: 

Township  1  North,  Range  41  East,  M.  P.  M. : 

Section  13:  SW  1/4;  W  l/2,  SE  1/4 

Section  14:  S  1/2;. S  1/2,  S  1/2,  N  1/2 

Section  15:  SE  1/4  • 

Section  21:  SE  1/4,  SE  1/4 

Section  22:  S  1/2;  NE  1/4;  E  1/2,  NW  l/4;  SW  1/2,  NW  1/4 

Section  27:  W  1/2;  W  1/2,  E  1/2 

Section  28:  NE  1/4,  NE  1/4.  ' 

It  was  anticipated  that  scheduled  strip  mining  operations  in  these  areas  would  de- 
stroy all  surface  features. 

On  1  July  1971,  the  Statewide  Archaeological  Survey  sent  a  seven-man  crew 
into  Rosebud  County.   The  crew,  consisting  of  graduate  and  undergraduate  students 
in  anthropology,  v/as  sent  for  the  purpose  of  surveying  and  testing  for  archaeologi- 
cal deposits.   The  project  v/as  supervised  by  Dale  E.  Fredlund. 

During  the  remainder  of  that  summer,  the  survey  crew  recorded  17  archae- 
ological sites.    Of  these,  eight  evidenced  substantial  cultural  material  on  the  sur- 
face or  possessed  other  qualities  that  warranted  their  being  tested  for  subsurface 
deposits.   Test  trenches  indicated  that  four  of  these  sites  contained  signlficaiit 
amounts  of  prehistoric  cultural  remains.   Upon  being  appraised  of  these  data,  Pea- 
body Coal  Company  agreed  to  a  second  contract  which  provided  funds  for  archaeolo- 
gical salvage  excavations  at  the  follov/ing  sites: 
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Site 


Location 


BLM  Bison  Trap, 
24RB1021 

Horse  Shelter,  ■ 
24RB1011 

Colt  45  Shelter, 
24RB1012 


TIN,  R41E,  Sec.  22,  SE  1/4, 
SE  1/4,  NE  1/4 

TIN,  R41E,  Sec.  27,  N  1/2, 
SW  1/4,  vSE  1/4 

TIN,  R41E,  Sec.  27,  N  1/2, 
SW  1/4,  SE  1/4 


Tuma's  Rock, 
.  24RB1010 


TIN,  R41E,  Sec.  27,  N  1/2, 
SW  1/4,  SE  1/4. 


The  bulls:  of  this  report  includes  geographical  and  historical  background  In- 
formation relevant  to  the  survey  area,  and  detailed  descriptions  of  the  archaeologi- 
cal sites  and  artifacts  found  by  the  survey  crew.  Other  interpretive  data  are  in- 
cluded in  the  summary  and  conclusion  sections. 


Topography 

In  general,  the  survey  area  (Figs.  1  and  2)  can  be  described  as  the  slopes 
of  a  main  ridge  that  extends  eastward  from  the  Little  Wolf  Mountains  (22  mi.  to  the 
west).    More  specifically,  it  is  the  height  of  land  separating  the  Rosebud  Creek 
drainage  on  the  south  from  the  Armells  Creek  drainage  on  the  north.   The  area  has 
an  elevation  of  approximately  3500  ft.  al3ove  sea  level  and  includes  the  flats  and 
slopes  around  Miller  Coulee  (Fig.  3).   Rosebud  Creek,  3  mi.  south  of  the  survey 
area,  is  the  only  permanently  flowing  creek  in  the  immediate  area.   Miller  Coulee 
and  Armells  Creek,  although  dry  most  of  the  year,  sometimes  contain  pockets  of 
stan-Jirig  water  and  have  some  smoll  seeps.   Occasional  springs  are  the  only  other 
wac'-^r  sources  in  this  region. 

The  predominant  geologic  strata,  from  which  most  of  the  area's  rock  out- 
cro  IS  were  formed,  are  the  Tongxie  River  member  of  the  Fort  Union  formation  and 
th.  overlying  Wasatch  formation.   These  horizontally  bedded  sedimentary  rock  for- 
mations are  of  tertiary  age,  and  consist  of  alternating  layers  of  sandstone  shales 
and  coal  (Baker  1928:24). 

The  topography  is  unique  in  that  it  contains  only  two  primary  ecosystems 
(Fig.  4).    One  ecosystem  includes  the  dendritically  patterned  ridges  that  have  been 
carved  from  sandstone  of  the  Fort  Union  formation.   These  ridges  owe  their  exis- 
tence to  the  erosion-resistant  caprock  of  porcelanite  and  clinker  which  v/as  formed 
when  ancient  beds  of  coal  burned.   Through  metamorphosis,  adjacent  slit  straia 
were  turned  into  red  and  gray  porcelanite.   Erosion  has  carved  these  ridges. 
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WYOMING         ,        24  mi.  , 
scale 


Fig.  1.    South  central  Montana,  map  showing  the  general  location  of  the 
survey  area  (shaded). 
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Fig.  2.    Contour  map  of  survey  area,  showing  locations  of  archaeological 
sites  found. 


leaving  numerous  rockshelters,  crevices,  and  holes  in  the  vertical  sandstone  faces. 
Scattered  ponderosas  and  jimipers  compose  the  dominant  or  climax  plant  species  in 
this  ecosystem,  while  native  grasses,  sage,  and  prickly  pear  cactus  form  the  ground 
cover. 

The  second  major  ecosystem  is  located  in  the  relatively  flat  grassy  basins 
that  separate  the  ridges.   These  basins  are  usually  dissected  by  a  dendritic  system 
of  diy  washes  which  was  created  by  the  run  off  of  water  from  sudden  and  violent 
th'onderstorms. 
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Fig.  3.    Miller  Coulee  and  surrounding  grasslands,  view  to  south  from 
Lookout  Point  site  (24RB 10 07). 
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Fig.  4.   View,  looking  to  southwest,  showing  general  topography  of  survey  area. 
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Climate 


Using  the  lioldridge  system  (Holdriclge  1967)  for  determining  climate,  one 
may  classify  south  central  Montana  as  subhumld  short-grass  plains  or  steppe.  The 
hottest  month  of  the  year  is  July,  when  temperatures  average  around  70°  Faliren- 
heit;  December  is  usually  the  coldest  month,  with  temperatures  averaging  near  20°. 
The  mean  annual  pi'ecipitation  is  approximately  15  in. ,  one-third  of  which  is  snow, 
with  H  iy  and  June  being  the  wettest  months.    There  is  an  average  of  125  frost-free 
days.    The  growing  season  for  native  plants  ranges  from  March  to  June  (Kodder  et 
al.  1970:2),  and  the  fii'st  frost  usually  arrives  around  mid-September. 

In  the  whiter  season,  temperatures  may  drop  to  as  lo  w  as  -40*-'  Fahrenheit,, 
but  these  cold  periods  are  generally  short-lived,  since  warm  chinook  v/inds  frequent- 
ly bring  sudden  pronounced  temperature  changes.   Snow  falls  in  quantities  varying 
from  a  few  inches  to  several  feet  at  a  time.   Winds  usually  sweep  the  snow  clean 
from  the  ridges  and  flats  and  pile  it  in  large  drifts  on  the  lee  side  of  hills  or  in  dry 
washes. 

The  region  is  primarily  arid,  and  snov/  or  rain  usually  comes  in  short, 
violent  storms.    Frequent  summertime  flash  floods  erode  the  land  into  a  v/eb  of  gul- 
lies. 


Flora  and  Fauna 


The  principal  grasses  of  the  short-grass  plains  include  Bouteloua  gracilis, 
B.  hirsuta,  Buchloe  dactyloides,  and  Hilaria  jamesii  (Shelford  1963:344).  Inter- 
spersed throughout  the  grassy  flats,  sagebrush,  rhus,  yucca,  and  prickly  pear  cac- 
tus flourish.    Cottonwood  thrives  in  the  more  moist  areas  along  stream  courses. 
On  the  sandstone  ridges,  juniper  and  ponderosa  pine  grow  in  sparse  stands. 

The  food  plants  available  to  prehistoric  peoples  who  lived  on  the  Northern 
Plains  included  (Mulloy  1958:20-21): 

Sunflov/er 
Wieat  grass 
Prickly  pear 
Raspberry 
Serviceberry 
Hav/thom 
Milkweed 
Buffalo  pea 
Gooseberry 
Dock 

Indian  rice  grass 
6 


Box  elder 
Currant 
Wild  plum 
Sand  cherry 
Chokecherxy 
Buffaloberry 
Prairie  plum 
Wild  red  cherry 
Pra.irie  potato 
Wild  grape 
Ground  cherry 


Giant  wild  rye 

Onion 

Wolfberry 

Burro ak 

Bitterroot 

Bearberry 


Sego  lOy 

Goossfoot 

Valerian 

Elderberry 

Oregon  grape 

Snowberry 


The  short-grass  plains  environment  traditionally  has  supported  an  abun- 
dance and  variety-  of  animal  life,  a  factor  which  made  the  region  attractive  to  human 
populations.   Of  primary  importance  in  late  prehistoric  and  early  historic  times 
were  the  large  ungulate  species,  especially  the  bison.   Butzer  (1964:140)  estimated 
these  animals  to  have  once  numbered  as  many  as  60  mQlion.   Understandably,  bison 
v/ere  one  of  the  main  food  resources  of  Indians  who  inhabited  the  Plains.  Because 
people  depended  on  bison  for  subsistence,  and  bison  were  migratory  by  nature,  the 
movements  of  bison  affected  patterns  of  human  migration.    However,  it  is  difficult 
to  correlate  human  population  movements  with  bison  migration  because  our  know- 
ledge of  the  migratory  patterns  of  the  bison  is  obscured  by  contradictory  studies. 
Shelford  (1963:344),  for  example,  states  that  bison  migrated  northward  over  a  range 
of  200  to  300  mi.  each  spring,  then  returned  southward  in  early  winter.  Garretson 
(1938:52),  on  the  other  hand,  holds  that  the  primary  movement  of  bison  in  the  north- 
em  portion  of  their  natural  range  was  from  east  to  v/est — from  the  foothills  of  the 
moimtains  in  the  v/Lnter  to  the  Plains  in  the  spring  and  summer,  and  back  to  the  foot- 
hills by  late  fall. 

Other  game  animals  of  importance  to  peoples  on  the  Plains  were  pronghom 
antelope,  ellc,  white-tailed  and  mule  deer,  grizzly  bear,  and  black  bear,  all  of 
which  existed  in  great  numbers  in  the  area.    Bighorn  sheep  also  would  have  been 
found  near  the  foothills.   On  the  whole,  the  grazing  characteristics  of  the  ungulates 
(talking  only  a  few  bites  from  any  single  plant),  together  with  their  movement  pat- 
terns,   served  to  enrich  and  perpetuate  the  short-grass  prairie  conditions. 

Rodents  constituted  an  additional  food  resource  for  many  predator  species 
on  the  Northern  Plains,  including  man.    The  more  common  rodents  included  beaver, 
muskrat,  porcupine,  mouse,  mole,  ground  squirrel,  packrat,  and  gopher.  Both 
v/hite-tailed  jackrabbits  and  cottontail  rabbits  were  abundant  in  the  area.  Common 
predators  included  the  coyote,  mountain  lion,  mink,  otter,  fox,  bobcat,  skunk,  brush 
v/oli,  ferret,  weasel,  badger,  golden  and  bald  eagle,  and  several  species  of  hawks 
and  owls.   Perhaps  the  most  famous  natural  predator  of  the  Plains  was  the  "lobo," 
or  buffalo  wolf,  that  harrassed  the  bison  herds,  preying  upon  the  old,  crippled,  and 
sick,  as  well  as  the  calves  v/hen  possible.    The  rattlesnaico,  bull  snake,  and  the 
plains  garter  snake  inhabited  the  region  as  vrell,  being  both  prpdator  and  prey. 

According  to  Shelford  (1963:346),  the  more  common  small  birds  inhabiting 
the  region  included: 


Homed  lark  Lark  bimting 

McCov/an  longspur  Sprague's  pipes; 

Chestnut-collared  longspur  Brewer's  sparrov/ 
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Lark  sparrow 
Western  nieadowlark 


Grasshopper  sparrow 
Lesser  prairie  chicken 


Migratory  v/aterfowl,  sagehen,  and  grouse  were  also  common,  as  v/ere  the  scaven- 
ger birds — crows,  magpies,  blackbirds,  and  ravens. 

With  an  environment  so  rich  in  game,  it  is  not  surprising  that  man  has  oc- 
cupied the  area  for  thousands  of  years. 


Prehistoiy  and  History'  of  South  Central  Montana:  Bacl^round  Statement 

Our  country  is  the  most  beautiful  of  all.   Its  rivers  and  plains, 
its  mountains  and  timber  lands,  where  there  was  always  plen- 
ty of  meat  and  berries,  attracted  other  tribes,  and  they 
wished  to  possess  it  for  their  own.    (Linderman  1962:47-48) 

Thus  Plenty  Coups,  chief  of  the  Crow  Indians,  described  the  lands  of  south  central 
Montana  v/hich  were  occupied  by  his  people  at  the  time  of  white  contact.  The  Crow, 
the  Cheyenne,  the  Blackfeet,  and  the  Dakota  Sioux  are  known  to  have  been  the  last 
Indian  inhabitants  of  this  area,  and  their  lifeways  have  been  faii'ly  v/ell  documented 
by  ethnohistorical  and  ethnographical  studies  (Curtis  1911;  Ewers  1958;  Lowie  1954; 
Wissler  1927).   Our  knowledge  of  the  specific  occupants  of  the  area  and  their  life- 
ways  before  the  time  of  the  protohistoric  is  incomplete.    Archaeological  data  sug- 
gest that  humans  had  already  spread  throughout  the  Northern  Plains  area  by  approxi 
mately  13,000  years  ago.   These  original  inhabitants  pai-ticipated  in  the  big  game 
hunting  complexes  that  have  come  to  be  called  Clovis  and  Folsom.   These  terms 
label  broad  cultural  categories  and  are  based  on  the  fact  that  particular  projectile 
points  were  used  over  many  hundreds  of  years. 


Early  Prehistoric  Period 

The  florescence   of  the  Clovis  and  Folsom  traditions  occurred  around 
12,000  B.  C.  and  10,000  B.  C. ,  respectively  (Jennings  1968),    Clovis  hunters  ap- 
parently sought  out  mammoths  as  their  major  source  of  food,  v/hile  Folsom  peoples 
hunted  now-extinct  forms  of  bison.    Fluted  points  were  characteristic  artifacts  in 
both  traditions.    Occasional  miscellaneous  sui-face  finds  indicate  that  the  Northern 
Plains  v/as  utilized  to  some  degree  by  these  early  hunters.    Also,  but  less  frequent- 
ly, the  fluted  points  are  recovered  in  subsurface  sites,  such  as  the  Wilsall  site 
(24PA507)  near  Wilsall,  Montana  (Taylor  1969),  v/hich  contaLned  artifacts  belonging 
to  the  Clovis  tradition,  and  the  iviacPIaffie  site  near  Helena,  i.Iontana  (Forbis  1952), 
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which  contained  Folsom  artifacts. 

By  approximately  8000  B.  C. ,  these  early  hunters  began  to  manufacture 
a  variety  of  new  projectile  point  tj-pes.   The  new  point  styles  v.ere  generally  long 
lanceolate  points,  lumped  by  archaeologists  under  the  name  of  Piano  and  classified 
into  two  variations,  Plainview  and  Parallel  Flaked  (Willey  1966:44).   Like  the  Fol- 
som hunters.  Piano  peoples  v/ere  hunters  of  the  ancestoral  forms  of  m.odsm  bison, 
but  the  area  they  inhabited  v/as  more  ex-tensive.    Piano  peoples  spread  throughout 
the  Northern  Plains,  and  possibly  became  the  first  peoples  to  occupy  Alberta  Liten- 
sively  (V/ormington  and  Forbis  1965:185). 


Middle  Prehistoric  Period 


The  Piano  tradition  began  to  wane  around  5000  B.  C. ,  as  the  initial  phases 
of  the  altithermal  began.   This  major  change  in  climate  probably  created  slightly 
warmer  and  drier  conditions  than  had  existed  previously.   The  altithermal  is  hy- 
pothesized to  have  altered  the  environment  to  the  extent  that  the  lifeways  of  the  in- 
habitants of  the  Plains  necessarily  had  also  to  change. 

Buffalo  hunters  of  the  northern  plains  at  the  beginning  of 
the  altithermal  were  probably  obliged  to  move  to  more 
favored  regions  to  the  north  and  east,  or  their  numbers 
were  reduced  in  accordance  with  the  natural  resources 
available  (Wormington  and  Forbis  1965:191). 

Bryan  and  Gruhn  (1964)  suggest  caution  in  treating  the  altithermal  as  a  fixed  time 
period  of  "climatic  periods  with  defined  characteristics."  Instead  they  suggest  that 
the  altithermal  be  considered  a  phase  of  the  neothermal  temperatui-e  cur\'e  which  in 
"different  ecological  areas  resulted  in  locally  varying  climatic  conditions. ..." 

It  is  known  that  the  food  resources  of  peoples  during  the  Middle  Prehistoric 
Period  became  more  diversified.   Vegetable  foods  were  apparently  utilized  more 
frequently  (Wedel  1964:201),  and  although  limited  big  game  hunting  continued,  small- 
er animals,  such  as  rodents,  became  a  more  important  part  of  the  diet.  Because 
of  the  increased  variety  of  foods  they  exploited,  the  term  "foragers"  has  been  applied 
to  the  peoples  of  the  Northern  Plains  during  this  period  (Malouf  1957).    With  the 
change  in  the  food  resources,  there  was  an  accompanying  change  in  technology'. 
Grinding  stones  first  appear  in  artifact  assemblages  of  sites  belonging  to  this  period. 
The  projectile  points  made  were  sm;dler  in  size  v/hen  compared  with  the  large  blades 
used  by  hunters  in  the  Early  Prehistoric  Period.   The  new  projectile  point  t}-pes  de- 
veloped during  this  time  period  (3000  B.  C.  to  A.  D.  500)  include  Oxbow,  the  I^IcKean 
complex.  Pelican  Lalce,  and  Besant. 
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Late  Prehistoric  Period 


Another  transition  in  the  lifev/ays  of  the  inhabitants  of  the  Northern  Plains 
began  about  A.  D.  500,  and  this  date  also  marks  the  beginning  of  the  Late  Prehis- 
toric Period.   The  cultural  change  that  took  place  at  this  time  was  one  of  degree 
rather  than  of  kmd,  and  the  change  v/as  very  gi'adual.   It  is  believed  that  a  greater 
dependence  on  the  bow  and  arrow,  rather  than  on  the  atlatl  (spearthrov/er)  occurred. 
With  the  advent  of  the  bow  and  arrow,  new  point  types  were  developed  which  Kehoe 
(1966)  calls  the  small  side-notched  point  system  of  the  Nortliern  Plains.   Also,  the 
use  of  pottery  increased.    There  is  some  indication  that  the  number  of  bison  in- 
creased, and  consequentlj'  more  people  could  be  supported  by  this  resource.  New 
people  practicing  horticulture,  as  evidenced  at  the  Hagen  site  (Mulloy  1958:218), 
moved  into  the  area  of  eastern  Montana  late  in  the  period. 

Pei'haps  the  most  significant  change  during  the  last  part  of  this  period  was 
the  iniroduction  of  the  horse  in  the  sixteenth  century,  an  addition  to  the  economic 
potentiiil  which  effected  some  degree  of  change  in  nearly  every  aspect  of  Indian  cul- 
ture.   So  important  was  the  horse  to  the  late  tribes  that  Wissler  (1927:154)  has 
termed  the  period  from  1540  to  1800,  during  which  time  the  horse  diffused  to  all  the 
tribes  on  the  Plains,  as  the  "horse  culture  period.  "  Changes  brought  about  by  the 
Introduction  of  the  horse  were  dramatic  but  were  superimposed  on  previous  economic 
patterns.   Beardsley  (1956:147)  describes  the  Plains  Indian  horse  complex  as  being 
"equestrian  hunting,  that  is,  hunters  and  gatherers  who  possess  the  horse  as  a  do- 
mesticated animal  but  use  it  primarily  as  a  tool  for  hunting  rather  than  a  food  re- 
source."   ■  -; 

Prior  to  the  introduction  of  the  horse,  Plains  people  walked  and  used  dogs 
for  l:>easts  of  burden.   Thus  travel  was  restricted  by  human  endurance,  and  the  areas 
that  people  occupied  were  determined  by  their  proximity  to  water  and  fuel.  Kroeber 
(1939:87)  credits  the  horse  with  malcing  the  vast  Plains  a  desirable  place  to  live  in 
spite  of  the  area's  lack  of  water  and  fuel  resources.   On  acquiring  the  horse,  native 
peoples  greatly  increased  their  range.   They  began  to  move  into  the  Plains  from 
east  and  west  to  occupy  areas  that  were  previously  used  only  marginally,  if  at  all. 
Before  the  existence  of  the  horse-bison  complex,  the  Plains,  with  the  exception  of 
the  river  valleys,  had  certainly  not  been  utilized  as  ex-tensively  by  such  large  groups 
as  they  were  later. 

It  T/as  these  equestrian  himters  who  inhabited  the  Northera  Plains  at  the 
dawTi  of  the  historic  period,  but  most  of  the  groups  were  relative  newcomers  to  the 
area.    These  historic  tribes  had  been  pushed  into  the  area  by  v/arfare  and  population 
pressures  from  their  eastern  neighbors.   The  historic  Plains  tribes,  upon  arriving 
in  the  Northern  Plains,  assuredly  displaced  other  tribes.    One  of  these  was  the  Sho- 
shone who,  having  received  the  horse  first,  apparently  controlled  a  major  portion 
oi  southern  Montana  until  they  were  forced  southv/ard  into  Wyoming  by  the  raiding 
Blackfeet  (Malouf  1957;  Wedel  1984:212).   It  is  certain  at  least  that  some  tribes  such 
as  the  Flathead,  Pend  d'Oreille,  and  Kutenai  did  live  on  the  Plains  at  least  season- 
ally before  they  v/ere  forced  to  move  to  the  v/estern  slopes  of  the  Rocky  Mountains 
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by  the  more  powerful  newcomers. 


Historic  Period 


Just  prior  to  and  at  the  time  of  white  contact,  aboriginal  ownership  of  those 
lands  which  have  now  become  south  central  Montana  and  northern  \VyoraLng  was  in  a 
state  of  flux,  as  it  was  in  the  rest  of  the  Northern  Plains. 

The  Crow  tribe,  having  separated  from  the  Hidatsa  around  1750  (Dearss 
1970:2),  had  moved  into  the  area  from  the  east  iuid  claimed  a  major  part  of  what  is 
nov/  south  central  Montana.   Their  territorial  claims  centered  on  the  area  along  the 
Bighorn  and  Yellowstone  rivers,  and  they  were  the  primary  occupants  of  the  region 
in  early  historic  times.    However,  by  the  middle  of  the  nineteenth  century,  they 
were  fighting  to  retain  their  o\vnership.    Crow  territorial  claims  v/ere  constantly 
challenged  in  the  mid-nineteenth  century  by  the  Teton  Dal^ota  who  moved  west  as  far 
as  the  Powder  River.    On  the  south,  the  Northern  Cheyenne  hunted  ever  northward, 
extending  into  Crow  country.    From  the  north,  the  powerful  Blackfeet  and  Atsina 
tribes  harassed  the  Crow,  and  threatened  to  expand  into  the  northern  part  of  Crow 
lands  (Ev/ers  1958:77).    Surrounded  by  such  powerful  enemies,  the  Crow  aligned 
themselves  with  the  whitemen  and  aided  the  frontier  armies  of  the  United  States  dur- 
ing the  Indian  wars  of  the  latter  part  of  the  1880's.   After  the  "winning  of  the  west" 
by  government  forces,  the  Crow,  largely  because  of  their  role  as  an  ally  during  the 
Indian  wars,  were  able  to  retain  much  of  their  land. 

At  the  same  time  that  tribes  were -struggling  for  territorial  control  in 
south  central  Montana,  whitemen  began  to  evidence  interest  in  the  region.  The 
exact  date   of  first  Indian-white  contact  is  not  Icnown,  but  one  of  the  first  v/nitemen 
to  venture  into  the  region  was  Pierre  la  Verendrye  in  1743  (Laut  1904).  Shortly 
afterward,  fur  trappers  were  lured  into  the  region.   Their  stories  and  accounts 
stimulated  general  interest  in  the  Yellowstone  country,  and  in  1803  the  United  States 
government  established  its  first  claim  to  the  region  by  the  Louisiana  Purchase. 
Subsequently,  in  1804,  Lewis  and  Clark  were  dispatched  to  explore  the  area. 

In  1822,  the  Atkinson  expedition  was  sent  by  the  United  States  government 
to  the  Yellov/stonc  country  to  establish  peace  treaties  with  the  tribes.    Because  of 
continued  white  expansion,  the  treaties  failed,  and  the  stage  was  set  for  the  Indian 
wars  of  the  late  nineteenth  century.    In  1864,  John  Bozeman  led  a  v/agon  train  of 
immigrants  through  the  region,  establishing  a  route  through  the  Indian  hunting 
grounds  that  became  known  as  the  Bozeman  Trail.   Shortly  aftenvard,  in  1866,  Nel- 
son Story  made  the  first  cattle  drive  to  Montana.   Resenting  these  and  many  other 
Incursions  into  their  hunting  groimds,  the  Northern  Cheyenne,  followed  shortly  by 
the  Dakota  Sioux,  fought  to  retain  their  lands. 

The  Indian  v/ars    of  the  Northern  Plains  reached  their  peak  intensity'  in 
1876  when  General  Crook  marched  up  Rosebud  Creek  and  encountered  the  Northern 
Cheyenne.   On  17  June  the  battle  which  the  Cheyenne  refer  to  as  "Where  the  Girl 
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Saved  Her  Brother"  (Stands  in  Timber  and  Liberty  1967:181)  or  the  "Battle  of  the 
Rosebud"  was  fought.   A  week  later,  on  15  June    1876,  General  Custer  found  the 
Sioux  and  Cheyenne  camped  on  the  Little  Bighorn  River  and  made  his  fateful  charge. 
Although  "Custer's  Massacre"  was  a  victory  for  the  SioiLX  and  Cheyenne,  their  ef- 
forts to  retain  their  land  and  freedom  were  a  lost  cause.    By  1S84  the  Northern 
Cheyenne  Reservation  had  been  establishedi   White  settlers  were  soon  entering  the 
region,  and  the  era  of  large  cattle,  horse,  and  sheep  ranching  had  arrived. 


The  Archaeological  Reconnaissance:  Descriptions  of  Sites 

An  archaeological  reconnaissance,  or  survey,  can  be  defined  sim.ply  as  an 
inventory  and  field  reconnaissance  of  a  region's  archaeological  resources.  Initial 
phases  of  the  present  survey  involved  seeking  the  respective  landov/ners'  permis- 
sions to  survey  their  lands  and  discussing  with  them  locally-laiowTi  archaeological 
sites.   The  sites  reported  by  the  landowners,  although  not  necessarily  located  on 
the  survey  lands  proper,  provide  background  Information  relevant  to  an  understand- 
ing of  the  region's  prehistory.   Actual  field  survey  was  conducted  by  systematically 
walking  over  all  the  land  surfaces  designated  by  our  contract  and  looking  for  evi- 
dences of  prehistoric  and  early  historic  habitation.    By  covering  the  terrain  in  an 
organized  pattern  all  hills,  flats,  and  ridges  were  investigated  and  searched.  We 
v/alked  through  all  dry  washes  and  examined  the  cutbanlcs  for  subsurface  archaeolo- 
gical sites  that  might  have  been  exposed  by  erosion.   All  sites  found  were  numbered 
according  to  the  Smithsonian  trinomial  system*  and  recorded  on  Statewide  Archaeo- 
logical Survey  forms.   Photographs  were  taken,  and  if  the  site  warranted  further  at- 
tention, it  was  tested  and  mapped.   All  field  notes,  artifacts,  photographs,  and  maps 
are  on  file  at  the  Statev/ide  Archaeological  Survey  office. 

During  the  course  of  the  survey,  a  total  of  17  archaeological  sites  were  lo- 
cated (see  Fig.  2).   These  can  be  divided  into  six  tj-pes:  lookout  stations  or  obser- 
vation posts,  open  habitation  sites,  rock  art  panels,  quarries,  bison  kills,  and  rock- 
shelters.  Descriptions  of  the  sites,  arranged  according  to  site  type,  foilov/;  arti- 
facts are  described  in  the  artifact  section  of  the  report. 


*The  Smithsonian  system  for  site  designations  standardizes  site  numbering 
throughout  the  United  States.   Each  site  designation  includes  a  number  representing 
the  position  of  the  state  within  an  alphabetical  listing  of  all  states,  excluding  Alaska 
and  Hawaii  (for  example,  24  for  Montana);  initials  representing  the  county  v/ithin 
which  the  site  is  located  (for  example,  RB  for  Rosebud  County);  and  a  number  that 
has  been  assigned  to  that  specific  site  within  that  county  (for  example,  1012).  Thus, 
a  site  may  be  designated  as  24RB1012. 
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Lookout  Stations  or  Observation  Posts 


Our  crew  found  that  sites  were  located  most  often  along  the  tops  of  sand- 
stone ridges.   Prehistoric  activities  were  evident  in  the  small  areas  containing 
scattered  lithic  debris  (waste  rock  flakes  from  tool  manufacture)  that  were  fo'jnd  on 
these  ridges.   These  sites  seem  to  have  functioned  as  lookout  stations  because  their 
location  usually  provided  an  excellent  view  in  at  least  one  direction  of  the  terrain  be- 
low.  Unless  these  lookout  sites  evidenced  repeated  use,  v/e  did  not  assign  site  num- 
bers to  them.   Often  we  foimd  only  several  flakes,  and  these  suggest  nothing  more 
than  the  fact  that  someone  passed  by  once  during  the  prehistoric  past. 

24RB1001,  Wind  Devil  Site 
Location:  Sec.  23,  TIN,  R41E 

Site  24RB1001  was  located  on  the  ridge  crest  100  yd.  south  of  Peabody  Coal 
Company's  Big  Sky  j\Iine.    From  the  top  of  the  ridge,  the  view  of  Miller  Coulee  was 
excellent.   Rock  flalces  resulting  from  lithic  tool  manufacture,  and  a  few  artifacts 
were  scattered  over  an  area  20  ft.  by  20  ft.  on  the  northwestern  end  of  a  grassy, 
open  area. 

Artifacts  recovered:  End  scraper  (1  small  flake  end  scraper) 
Preforms  (2) 

Site  vegetation:  Native  grasses,  yucca,  cactus,  juniper,  sage 

24RB1002,  Hot  Dog  Site 
Location:  Sec.  21,  TIN,  R41E 

Site  24RB1002  was  located  on  a  hill  1/2  mi.  west  of  the  Peabody  mine  and 
near  the  "Y"  of  the  powerline.   This  site  provided  a  good  view  over  the  Miller  Basin. 
•  One  hundred  yards  northeast  of  this  site,  we  located  a  small  chipping  station. 

Artifacts  recovered:  Although  flakes  of  red  and  gray  porcelanite  v/ere 

abundant,  no  artifacts  or  retouched  flakes  were  foimd. 
Site  vegetation:  Sparse  native  grass,  juniper,  ponderosa  pine,  cactus 

24RB1003,  Cicaida  Site 
Location:  Sec.  33,  Tm,  R41E 

This  site  was  located  on  the  crest  of  a  ridge  southwest  of  the  Big  Skj'  Mine. 
An  excellent  viev/  of  Miller's  Coulee  was  affoi'ded  from  the  site.    The  site  covered 
an  area  approximately  30  ft.  by  15  ft.  and  may  have  been  associated  v/itli  quarrying 
activities. 

Artifacts  recovered:  No  tools  were  found,  although  large  spalls  were 
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abundant.  .  ' 

Site  vegetation:  Juniper,  ponderosa  pine,  sage,  yucca,  cactus,  native 
grasses 

24RB1007,  Lookout  Point  Site  *  -  ' 

Location:  Sec.  14,  TIN,  R41E 

Site  24RB1007  was  located  on  top  of  the  second  high  sandstone  remnant  1/3 
mi.  noi-th  of  the  Big  SIcy  Mine  tipple.   This  site  provided  an  excellent  view  of  the 
badlands  to  the  east  as  well  as  to  the  west  toward  24RB1005,  tlie  Dead  Cow  site. 
At  the  base  of  this  sandstone  remnant  on  a  vortical  face  the  crew  foimd  petroglyphs 
of  what  appear  to  be  small  anthropomorphic  figures  arid  an  imidentifiable  animal 
(see  24RB1033).    To  the  side  of  the  vertical  face  on  which  the  rock  art  panel  ap- 
peared, the  sandstone  remnant  sloped  upward,  tlius  providing  the  only  easy  access 
from  the  renanant's  southern  side  to  the  top  of  the  outcrop  and  the  lookout  station 
location  there. 

Flake  concentrations  were  found  in  several  places  on  the  outcrop,  but  the 
primary  lookout  station  apparently  was  located  on  the  southern  edge.   There  lithic  ■ 
material  was  scattered  over  an  area  measuring  20  ft.  by  20  ft.    Because  of  this 
limited  size,  we  conducted  a  grid  pick-up  of  all  lithic  material  on  the  site  (i.e. , 
we  collected  all  surface  debitage  within  marked  squares),  in  an  effort  to  gain  better 
insight  into  activities  of  the  prehistoric  occupants  of  the  site.   The  results  of  this 
analysis  were  inconclusive. 

Lookout  Point  (Fig.  3)  is  an  outstanding  example  of  the  lookout  sites  in  the 
survey  area,  even  though  it  consisted  of  little  more  than  a  concentration  of  flakes 
withui  a  limited  area.   The  site  location  provided  concealment  for  the  users,  yet 
permitted  excellent  observation  of  the  adjacent  low-lying  terrain.   There  is  little 
doubt  as  to  the  utilization  of  the  site  as  a  lookout  station.   None  of  the  attributes 
that  are  necessary  for  a  habitation  site  (prim.arily  shelter  and  water)  were  present. 
Nor  does  it  seem  likely  that  the  site  was  a  fortifaction.  Access  was  easy  from  the 
northern  side  of  the  outcrop,  so  it  would  have  been  difficult  to  defend.   We  found  no 
evidence  of  fortification  stiaictures. 

Artifacts  recovered:  Side-notched  projectile  point  (1) 

Site  vegetation:  Ponderosa  pine,  juniper,  native  grasses 

24RB1008^  Pyramid  Moimtain  Site 
Location:  Sec.  14,  TIN,  R41E 

Site  24RB1008  was  another  lookout  station  located  on  the  rock  outcrop  just 
east  of  24RB1007.   At  the  site  were  natural  rock  formations  in  which  an  observ^er 
could  conceal  himself,  and  the  site  offered  a  panoramic  view  of  the  territories  to  the 
east  and  south.    Chips  of  red  and  gray  porcelanite  were  scattered  over  a  surface 
area  located  approximately  100  ft.  just  below  the  ridge's  crest. 
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Artifacts  recovered:  Biface  fragments  (2) 

Site  vegetation:  Yucca,  sage,  ponderosa  pine,  native  grasses 


Open  Habitation  Sites 


Open  habitation  sites  were  usually  located  on  open  flats  adjacent  to  a  per- 
manent v/ater  course.   These  sites  v/ere  temporary  camping  spots, 

24RB1004.  Cottonwoods- Water  Site 
Location:  Sec.  22,  TIN,  R41E 

Site  24RB1004  was  located  on  a  sage-covered  flat  in  Miller  Coulee.  The 
surface  area  was  approximately  100  yd.  by  75  yd.  and  spanned  the  creekbed  in  the 
coulee.    The  creek  currently  contains  water  for  only  part  of  the  year.   Its  location 
is  concealed  from  the  main  basin  of  Miller  Coulee  north  of  the  mine.   The  cultural 
deposits  of  the  site  were  limited  to  the  surface. 

Artifacts  recovered:  Projectile  point  (1  unidentifiable  fragment) 
Bifaces  (5  crude  bifaces) 
Scrapers  (5  flake  side  scrapers) 
Site  vegetation:  Willow,  small  cottonwoods,  chokecherry,  rhus 

24RB1005,  Dead  Cow  Site 
Location:  Sec.  15,  TIN,  R41E 

Site  24RB1005  was  located  on  the  flats  adjacent  to  Miller  Creek,  1/4  mi. 
west  of  the  Big  Sky  Mine's  railroad  loading  spur.   The  surface  area  of  the  site  ex- 
tended for  about  300  yd.  along  both  sides  of  the  stream.    The  site  terminated  in 
pine  and  rock  outcroppings  at  its  north v/estern  end.   Several  structures  that  appear 
to  be  long  walls  built  of  rock  slabs  (Fig.  5)  were  found  within  the  eroding  rock  out- 
crop.   Lithic  detritus,  as  well  as  tin  cans,  v/ere  found  surrounding  and  within  the 
rock  structures,  thus  v/e  were  not  able  to  determine  v/hether  the  structures  were 
prehistoric  or  historic  in  origin. 

Despite  apparently  repeated  surface  collecting  by  amateurs,  site  24RB1005 
yielded  a  number  of  artifacts. 

Artifacts  recovered:  Projectile  points  (3  corner-notched,  1  side-notched) 
Scrapers  (1  keeled,  2  side,  1  flake) 
Bifaces  (5) 

Multipurpose  tools  (4) 
Site  vegetation:  Juniper,  sage,  cottonv/ood,  wQlow,  ponderosa  pine,  cactus, 
chokecherry,  rhus,  native  range  grasses 
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Fig,  5.   Rock  structures  at  24IIB1005. 


24RB1009,  On-the-Way-Home  Site  ■.  ■  ■ 

Location:  Sec.  14,  TIN,  R41E 

Site  24RB1009  was  a  small  surface  site  located  directly  below  24RB1008 
on  the  eastern  side  of  the  same  sandstone  outcrop.   The  site  was  bisected  by  a  gully 
and  covered  an  area  measuring  50  yd,  by  25  yd.    Large  spalls  of  red  and  gray  por- 
ceianite  lay  on  the  surface. 

While  v/ater  would  have  been  immediately  available  for  only  a  short  period 
of  time  during  the  spring  of  the  year,  the  inhabitants  of  24RB1009  could  have  utilized 
snow  during  the  winter  season.   During  this  season,  the  site's  location  would  have 
provided  protection  from  the  wind.   There  v/as,  hov/ever,  no  indication  that  the  site 
was  ever  occupied  for  any  great  duration  of  time. 

Artifacts  recovered:  Pyriform  biface  (1  fragment) 
Flat-backed  flal<e  scraper  (1) 
Reworked  blade-lUce  preform  (1) 
Site  vegetation:  Ponderosa  pine,  sage,  cactus,  rhus,  yucca,  jimi per,  na- 
tive prairie  grasses 
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Rock  Art  Sites 


As  Mulloy  (1958:119)  has  suggested,  the  value  of  rock  art  to  anthropology 
lies  primarilj'  in  the  fact  that  material  cxilture  is  often  illustrated,  and  art  might 
possibly  be  useful  in  determining  cultural  relationships.   Thus  such  sites  deser^/e 
considerable  attention. 

Rock  art  in  south  central  Montana  can  be  divided  into  two  basic  categories: 
pictographs  or  paintings,  and  petroglj^phs.    The  latter  were  made  by  rubbing  or  peck- 
ing grooves  or  lines  into  the  rock  surface.   Design  elements  may  be  very  similar  in 
both  arc  media.    In  south  central  Montana,  petroglyphs  appear  to  be  the  most  fre- 
quently occurring  form  of  rock  art.   This  art  technique  was  probably  preferred  in 
this  ::rea  because  of  an  abundance  of  soft  sandstone  surfaces  that  are  ideal  for  carv- 
ing.   All  the  rock  art  discussed  in  this  report  is  of  the  petroglyph  type.  Pictographs, 
although  present  in  the  general  area,  did  not  appear  to  be  abimdant,  possibl}'  because 
erosion  destroys  them  and  the  soft  sandstone  is  not  conducive  to  this  art  medium. 

Although    accurate  techniques  for  dating  rock  art  have  not  been  developed, 
there  are  several  general  chronological  Indicators  that  provide  some  insight  as  to 
the  time  when  they  were  made.   One  of  these  indicators  is  the  figures  or  elements 
themselves.    Historic  items  such  as  guns,  for  example,  reflect  white  contact. 
Horses  also  reflect  a  relatively  recent  time  period,  since  the  horse  reached  the 
Northern  Plains  only  after  1540.    Conner  and  Conner  (1971:12)  suggest  that  perhaps 
there  is  a  "trend  toward  more  skillful  draftsmanship  with  the  passage  of  time,"  and 
that  "prehistoric  or  historic  period  sites  demonstrate  the  shift  from  front  view  mo- 
tionless pictures  of  people  to  animated  side  view  realistic  art.  " 

Super  imposition  of  art  figures,  while  helpful  in  determining  which  figures 
were  constructed  first,  does  not  as  yet  provide  insight  as, to  which  prehistoric  time 
periods  are  represented.   It  is  even  more  hazardous  to  attempt  an  interpretation  of 
the  meaning  of  the  drawings.    Mulloy  (1958:199)  states  that: 

Their  pictographic  significance  must  remain  obscure  how- 
ever, for  such  sym.bolism  is  a  highly  individualized  thing, 
capable  of  decipherment  only  by  the  original  artist  and  his 
community. 

Recently  Stuart  W-.  Conner  (personal  commimication  1971),  Richard  Colberg  (per- 
sonal communication  1971)  and  P.IalouI  and  White  (1953)  have  reported  cultural  inter- 
pretation of  probable  Crow  Indian  and  Kutenai  Indian  rock  art  sites  by  members  of 
the  Crow  and  Kutenai  com.mimities,  respectively.   These  inteipretatlons  ma}'  help 
explain  figures'  dress  and  the  various  actions  illustrated  on  the  panels. 

In  efforts  to  establish  cultural  relationships,  archaeologists  have  given  con- 
siderable attention  to  several  recurrent  motifs.   The  more  important  motifs  recog- 
nized by  Mulloy  (1958:118-39)  and  Conner  and  Conner  (1971:14-27)  in  Montana  and 
northern  Wyoming  rock  art  sites  include: 
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1)  Shield-bearing  anthropomorphs  v/ith  only  the  head  ?-nd  legs  protruding 
from  behind  the  shield 

2)  Rectangular-bodied  a-nthropomorphs  with  solid  or  outlined  bodies  v/hose 
legs  are  extensions  of  the  vertical  lines  forming  the  body  tnuik 

3)  Three-quarter  view  anthropomorphs  utilizing  curved  lines  and  showing 
facial  profile  and  frequently  depicting  action 

4)  V-necked  anthropomorphs 

5)  Stick-figured  antliropomorphs 

6)  Hand  prints 

7)  Tipis 

8)  Animals 

Our  procedure  for  recording  rock  art  sites  v/as  io  complete  a  standard 
Smithsonian-style  site  form,  as  well  as  a  more  specific  rock  art  form  designed  by 
Stuart  W.  Conner,  of  Billings,  Montana.    Photographs  of  the  figures  were  taken 
from  several  angles,  and  finally  a  sheet  of  Visqueen  plastic  was  placed  over  the  pan- 
el, and  the  figures  were  traced  with  a  fine-line  felt-tipped  pen  (not  all  pens  v/ill 
work  on  Visqueen).   The  finished  tracing  was  then  sprayed  with  a  clear  plastic  spray, 
thus  fixing  the  ink  and  preventing  smearing  or  running  in  case  of  contact  with  mois- 
ture.  This  recording  technique  proved  to  be  effective,  and  a  full-sized  exact  re- 
production of  the  panels  could  be  kept  for  the  records. 

24RB1016,  Big  Cut  Bank  Fish  Site 
Location:  Sec.  14,  TIN,  R41E 

Site  24RB1016  (Fig.  6)  v/as  located  on  a  southeast-facing  cliff  face  of  a 
small  sandstone  remnant  1/3  mi.  west  of  the  Peabody  Coal  Company's  trailer  court. 
The  petroglyphs  were  carved  into  the  sandstone  about  18  in.  above  the  present  ground 
surface,  and  covered  a  panel  approximately  3  ft.  long. 

Erosion  has  almost  destroyed  the  petroglyphs,  and  in  a  few  more  years  they 
will  be  indiscernable.   We  are  not  certain  as  to  what  the3''  represent. 

Artifacts  recovered:  None 

Site  vegetation:  Rhus,  sage,  juniper,  cactus,  native  range  grasses 

24RB1023,  Pyramid  iVToimtain  Petroglyph  Site 
Location:  Sec.  14,  TIN,  R41E 

Site  24RB1023  (Fig.  7)  v/as  located  on  the  sandstone  rimrocks  1/3  mi. 
west  of  the  Peabody  Coal  Company's  trailer  court  and  1/2  mi,  north  of  the  Big  Sky 
Mine  headquarters. 

The  petroglj^hs  v/ere  worked  into  the  face  of  a  southwest-facing  cliff.  They 
were  situated  approximately  4  1/2  ft,  above  the  present  ground  surface,  and  occupied 
a  surface  area  approximately  4  ft.  wide  by  1  1/2  ft.  high.   The  glyphs  were  badly 
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Fig.  6.    Petroglj-phs  at  24RB1016,  Big  Cut  Bank  Fish  site. 


eroded.  There  was  no  evidence  of  superimposition  on  any  of  the  glyphs.  Although 
several  rock  art  components  were  present,  only  a  single  V-necked  anthropomorph 
can  be  definitely  identified. 

Artifacts  recovered:  None 

Site  vegetation:  Rhus,  shrubs,  range  grasses,  sage,  jimipsr 

24RB1010,  Tuma's  Rock  Site 
Location:  Sec.  27,  TIN,  R41E 

Site  24RB1010  was  a  prehistoric-historic  petroglyph  site  that  was  first  re- 
ported to  us  by  Gene  Tuma  of  Peabody  Coal  Company.    A  major  portion  of  the  site's 
vertical  face  collapsed  shortly  after  being  recorded.    This  site  was  a  rock  art  site 
with  subsurface  cultural  deposits.   It  v/as  situated  on  the  first  rock  outcrop  v/est  of 
the  Big  Sky  Mine,  and  approximately  100  yd,  south  of  24RB1012,  Colt  45  Shelter 
(Fig.  15).   The  predominant  feature  on  Tum.a's  Rock  v/as  an  historic  petroglj-ph  of  a 
bicycle  with  the  inscription  "Road  King  George  1S9S"  (Fig.  8).   The  bicycle  glyph 
v/as  one  of  tv/o  panels  present  at  the  site,  each  of  which  was  approximately  5  ft.  6 
in.  above  the  present  ground  surface. 

The  second  panel,  of  prehistoric  r-ock  art  (Fig.  9),  was  2  ft.  6  in.  in  width 
and  3  ft.  6  in.  in  height,  and  showed  v/hat  appears  to  be  a  shield-bearing  anthropo- 
morph carrying  what  may  be  a  spear.   A  line  from  the  contact  point  of  the  figure's 
hands  on  the  spear  leads  to  a  circular  object  with  an  interior  design.    What  appears 
to  be  a  domed  tipi  and  an  arrow  complete  the  panel. 

Test  excavation  of  site  24RD1010  is  discussed  in  the  excavation  section  of 
this  report. 
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Fig.  7.   Petroglyphs  at  24RB1023,  Pyramid  Mountain  Petroglyph  site. 


24RB1033,  Lookout  Point  Petrogl>-p]i  Site 
Location:  Sec.  14,  TIN,  R41E  . 

This  rock  art  site  was  situated  on  the  vertical  face  of  the  same  sandstone 
remnant  as  site  24RB1007.    Wlietlier  there  is  anj'  relationship  between  the  petro- 
glj-phs  at  24RB1033  and  the  lookout  station  at  24RB1007  is  not  laiovm. 

The  panel  v/as  approximately^  8  ft.  long  and  3  ft.  wide,  and  was  drav.-n 
about  6  to  8  ft.  above  the  ground.   The  figures  appeared  in  a  single  panel,  and  in- 
clude what  seem  to  be  tliree  stick  figure  anthroporaorphs  (Fig.  10).   One  holds  in 
its  hand  v/hat  appears  to  be  a  shield  and  spear  similar  to  those  held  by  the  anthropo- 
morphic figure  in  the  panel  at  24RB1010.   A  fourth  figure  ma^r  be  anthropomorphic, 
but  is  difficult  to  identify  for  certain.   Another  figure  appears  to  be  a  crude 
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Fig.  8.    Historic  petroglyph  at  24RB1010,  Tuma's  Rock  site. 

zoomorphic  creature,  possibly  a  deer.  The  remaining  carvings  consist  of  lines  and 
peck  marks. 

24RB1017,  Trailer  Court  Cave  Site 
Location:  Sec.  14,  TIN,  R41E 

This  site  was  on  a  small  erosional  remnant  through  v/hich  erosion  had 
carved  a  timnel.   The  resulting  hole  formed  a  small  shelter  which  today  is  used  as 
a  playhouse  by  the  children  v/ho  live  in  the  Peabody  Coal  Company's  trailer  court. 

Several  faint  prehistoric  petroglyphs,  as  v/ell  as  more  recent  etchings, 
v.'cre  carved  into  the  wall  near  the  shelter's  entrance.   Tv/o  panels  contained  pre- 
historic rock  art  (Fig.  11).    Panel  A  (Fig.  11a)  was  4  ft.  above  the  ground  surface 
and  represented  an  apparently  unfinished  V-necked  anthropomorph  with  a  V-shaped 
line  near  one  hand.   Next  to  it  was  a  recently  dra\vn  five-pointed  star  and  the  name 
"Carl  Whital:cr,  Trapper,  1934."  Mr.  Wliitalzer  still  lives  in  Lame  Deer,  Montana, 
only  30  mi.  away.    Panel  B  (Fig.  lib)  contained  a  circular  shield-like  object,  un- 
evenly dissected  by  five  lines. 

This  site  was  tested  for  subsurface  cultural  deposits,  but  none  were  foimd. 
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24RB1024,  Engineer  Shelter  .  • 

Location:  Sec.  14,  TIN,  R41E  . 

Site  24RBi024  was  located  in  the  sandstone  rocks  about  1/3  mi.  north  of  tha 
Dead  Co"-.v  site,  24RB1005.    The  site  was  a  very  well  hidden  north-facing  rockshel- 
ter.   A  single  petroglj-ph  of  what  appeal's  to  be  a  sheep  or  deer  had  been  carved  into 
the  back  v/all  (Fig.  12).    The  shelter  area  measured  approximately  30  ft.  long  and  5  • 
ft,  deep.   The  height  of  the  shelter's  ceiling  varied  from  6  ft.  at  one  end  to  2  ft,  at 
the  other  end.    The  soil  within  the  shelter  was  aeolian-deposited  sand  and  sandstone 
scalings  that  had  sloughed  off  the  ceiling. 

The  presence  of  the  petrogiyph  on  the  back  wall  of  the  shelter  prompted  us 
to  test  the  deposits  composing  the  shelter  floor.   As  at  several  other  shelters,  v/e 
found  no  cultural  material  on  the  ground  surface.    Because  of  a  lack  of  space  in 
which  to  work,  v/e  lim.lted  our  test  pit  to  a  single  3  ft.,  square,  21  in.  deep.  Figure 
13,  a  profile  of  the  north  wall  of  the  test  square,  illustrates  the  stratigraphy  in  the 


Fig.  9.    Prehistoric  petroglj-ph  at  24RB1010,  Tuma's  Rx)ck  site. 
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floor  deposits. 

Level  1  was  composed  of  loose  aeolian-dcposited  sand  mixed  v/ith  chunks 
of  sandstone  sloughed  from  the  shelter's  ceiling.    Lithic  scrap  material  of  gray  por- 
celanite  began  to  occur  at  the  lower  limits  of  this  zone  (at  2  to  4  in.  belov/  the  sur- 
face. 

Level  2  was  a  more  compact  mixture  of  sand,  charcoal,  and  ash,  res^iltlng 
in  a  darker  grayish- appearing  soil.   The  level  yielded  numerous,  rather  large  flakes 
of  gray  porcelanite  throughout  its  depth. 

Level  3  was  compacted  tan  sand  v/ith  some  charcoal  interspersed  within  it. 


Fig.  10.    Petroglyphs  at  24RB1033,  Lookout  Point  Petroglyphs  site. 
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Fig,  12.    Petrogtyph  at  24RB1024,  Engineer  Slielter. 
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This  stratum  extended  from  6  in.  below  the  surface  in  the  northwest  comer  of  the 
shelter  to  more  than  11  in.  below  the  surface  in  the  northeast  half  of  the  test  square. 
Large  flakes  of  porcelanite  similar  to  those  present  in  Level  2  extended  into  Level 
3  to  a  depth  of  12  in.   At  12  in.  there  was  a  reduction  in  flake  size,  with  small  flakes 
which  appeared  to  be  the  product  of  tool-retouch  activity  becoming  predominant. 

Level  4  appeared  in  the  northwest  comer  of  the  test  square  at  16  in.  below 
the  surface.   It  was  a  gray  compact  sand  layer  that  dipped  sharply  tov/ard  the  east. 
Flalces  of  lithic  scrap  material  continued  to  be  present  in  this  zone.   The  trench  was 
terminated  at  21  in.  below  the  suiiace,  but  we  still  had  not  penetrated  completely 
through  the  cultural  deposits. 


L'.-vfl3   fan  sand  and  chnrcciDl 


6  in, 

scale 


Fig.  13.   Profile  of  north  wall  of  test  ex- 
cavation.  24E.B1024,  Engineer  Shelter. 

A  date  of  A.  D.  434  (516  B.'P. )  was  obtained  by  obsidian  hydration  testing 
(by  Leslie  B.  Davis,  Montana  State  University)  of  a  single  spall  of  obsidian  that  was 
recovered  from  the  test  square  in  Level  2.   This  date  shoiald  not  be  considered  com- 
pletely reliable  since  control  on  obsidian  hydration  dating  is  still  not  perfected. 


Quarry  Site 

The  predominant  lithic  material  suitable  for  the  making  of  stone  tools  in 
south  central  Montana  is  the  red  and  gray  porcelanite  that  appears  on  almost  every 
ridge.   Because  it  occurs  in  such  abundance,  one  might  question  whether  or  not  true 
quarrying  v/as  ever  really  necessary.    Suitable  material  lay  exposed  on  the  surface 
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within  100  to  200  yd.  of  each  of  our  sites.  At  only  one  locatioji  did  v/e  see  some  in- 
dication of  limited  quarrying. 

We  define  "quarry  site"  as  a  location  from  which  cr>-ptocr;..'stalline  rock 
was  repeatedly  obtained  by  prehistoric  people  and  used  for  the  manufacture  of  tools. 
Evidence  for  this  utilization  usually  consists  of  pits  which  resulted  from  aboriginal 
mining,  and  an  abundance  of  surface  lithic  detritus.    Such  surface  debris  (chips, 
spalls)  resulted  from  the  toolmalver pre-formlng  his  lithic  material  into  "blanks.  " 
These  were  later  transported  to  habitation  sites  or  other  areas  where  they  were' 
made  into  usable  tools. 


24RB100C,  Swift  Wind  Caiiyoii  Site 
Location:  Sec.  15,  TIN,  R41E 

Site  24RB100o  was  located  along  the  base  of  one  of  the  high  sandstone 
ridges.   We  believe  that  it  may  have  been  a  quarry  area,  and  that  "it  was  possibly 
used  by  the  inhabitants  of  24RB1005,  the  Dead  Cow  site,  since  the  two  sites  are  in 
such  close  proximity.    Large  block  fragments  and  spalls  of  porcelanite  lay  scattered 
over  an  area  100  yd.  long,  and  extended  30  yd.  up  the  side  of  the  ridge. 

Artifacts  recovered:  Several  worked  cores  and  large  spalls  were  collected 
from  the  surface. 

Site  vegetation:  Ponderosa  pine,  juniper,  sage,  native  range  grasses 


Bison  Kill  Site 


24RB1021,  BLM  Bison  Trap 
Location:  Sec.  23,  TIN,  R41E 

Site  24RB1021  was  located  approximately  100  yd.  west  of  the  Big  Sky  Mine 
tipple  and  30  ft.  from  the  haul  road.    The  history  of  site  24RB1021  is  one  of  contin- 
ual damage.   Originally  discovered  and  collected  from  by  Dxil<e  McRae,  the  ranch 
ov.Tier,  this  site  was  heavily  looted  by  construction  workers  who  camped  nearby 
during  the  construction  of  State  Highv/ay  315.    From  that  time  on  the  site  was  inter- 
mittently dug  into  by  amateurs  until  the  development  of  the  Big  Slcy  Mine.   Upon  be- 
coming av/are  of  the  site.  Bureau  of  Land  Management  archaeologist,  Lloyd  Pear- 
son, inspected  it  and  recommended  the  site  for  excavation.   After  examining  the 
site,  T/e  concurred  with  Pearson's  recommendation  on  the  basis  of  an  abundance  of 
bison  bones  in  evidence  on  the  groujid  surface  in  areas  where  amateurs  had  dug  for 
arrov/heads.    CXir  crew  completed  excavation  of  an  ax"'ea  10  ft.  by  30  ft.  and  from  8 
to  14  in.  deep  during  the  1971  field  season.   Work  was  continued  during  the  summer 
of  1972  by  a  crew  directed  by  Carolyn  Ekland,  graduate  student  in  anthropology  at 
the  University  of  Montana.   A  complete  report  on  the  site  and  the  results  of  the 
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excavations  is  forthcoining  from  Ekiand. 


Rockshelters 


An  abundance  of  sandstone  ridges  in  the  survey  area  provided  numerous 
rockshelters.    Prehistoric  people  found  such  places  to  be  suitable  for  use  as  living 
quarters:  they  can  be  cool  in  the  summer,  warm  and  protected  from  cold  vrinds  in 
the  v/inter.    However,  some  moisture  probably  entered  the  shelters  from  blowing 
snov/  or  rain  during  severe  storms.   Although  rockshelters  are  generally  pleasant  - 
abode?  in  winter,    the  sun  turns  the  south-facing  shelters  into  small  vmbearable 
ovens  at  certain  times  of  the  day  during  the  summer. 

We  found  three  rockshelters  which  contained  evidence  of  prehistoric  occu- 
pation: Colt  45  Shelter,  Horse  Shelter,  and  Engineer  Shelter.    Tlie  floors  of  shel- 
ters in  this  area  are  covered  v/ith  aeolian-depo sited  sand,  and  rocks  that  have  fal- 
len from  the  shelters'  ceilings.   Neither  Horse  Shelter  nor  Engineer  Shelter  had  any 
apparent  natural  soil  stratigraphy;  Colt  45  Shelter  contained  several  disjointed  grav- 
el lenses.   Uniform  sands  extended  for  at  least  5  ft.  below  the  surface  at  Horse 
Shelter,  and  into  a  whiter  sand  4.  5  ft.  below  the  surface  at  Colt  45  Shelter.   As  the 
vertical  profile  (Fig.  18)  indicates,  it  generally  seems  that  evidences  of  human  ac- 
tivity at  the  Colt  45  Shelter  occurred  in  levels  of  mi>:ed  sand  and  charcoal.  How- 
ever, soil  disturbance  caused  by  rodents,  and  probably  also  by  ungiilates  seeking 
shelter,  has  resulted  in  a  confusion  and  mixing  of  the  natural  strata. 

More  recently,  cattle  have  discovered  the  protection  offered  by  these  rock- 
shelters, and  a  layer  of  compacted  manure  has  effectively  sealed  the  original  sand 
layers.   In  order  to  establish  whether  or  not  a  shelter  had  been  occupied  by  humans, 
it  v/as  necessary  to  dig  a  test  trench  dovm  through  the  dung. 

24RB1011,  Horse  Shelter 
Location:  Sec.  27,  TIN,  R41E 

Site  24RB1011  (Fig.  14)  was  a  west-facing  rockshelter  located  on  the  south- 
v/estern  side  of  the  sandstone  outcrop  at  the  western  edge  of  the  Big  Sky  Mine.  The 
shelter  area  measured  51  ft.  in  length  and  was  14  to  15  ft.  deep.'  The  entire  surface 
v/ithLn  the  shelter  was  covered  v/ith  as  much  as  6  in.  of  diy,  compacted  cow  dung. 

On  the  rear  v/all  of  the  shelter  several  initials  had  been  carved  into  the 
sandstone  wall,  together  with  an  outline  etching  of  a  horse  wluch  may  or  maj/  not  be 
prehistoric  in  origin.   Vegetation  in  the  vicinity  of  the  shelter  consisted  of  cheat- 
grass,  sage,  rhus,  and  other  native  grasses. 

No  prehistoric  remains  were  found  on  the  ground  surface,  but  a  test  square 
revealed  the  presence  of  a  single  level  evidencing  human  occupation.  Excavation 
was  recommended  and  subsequently  carried  out  (see  excavations  section  of  this 
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V 


Fig.  14.   24RB10H,  Horse  Shelter,   View  looking  east. 


Fig.  15,    24RB1010,  Tuma's  Rock  (left,  center)  and  24R31012,  Colt 
45  Shelter  (far  right,  center).   View  looking  west. 
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report).   No  nearby  water  would  have  been  available  to  the  occupants  of  the  shelter 
during  the  summer,  but  a  small  coulee  100  yd.  to  the  south  would  probably  have  held 
v/ater  briefly  during  the  spring  run-off.   Unfortimately,  there  was  nothing  in  the  ex- 
cavated material  to  indicate  the  season  of  occupation. 

24RB1012,  Colt  45  Shelter 
Location:  Sec.  27,  TIN,  R41E 

Site  24RB1012  (Fig.  15)  was  an  east-facing  shelter  near  the  western  edge 
of  Peabody  Coal  Company's  Big  Sky  Mine  and  100  yd.  north  of  the  Horse  Shelter 
site.   The  overhang  of  the  shelter  extended  a  maximum  of  13  ft.  and  measured  15- 
ft.  in  length.   As  at  Horse  Shelter,  the  entire  floor  was  covered  with  compacted  cow 
dung  up  to  12  in.  in  depth.    Adjacent  to  the  shelter's  floor  area,  rhus,  cheatgrass, 
and  other  native  grasses  formed  the  surface  vegetation.    Stimted  ponderosa  pine  and 
rhus  were  the  primary  plants  growing  on  top  of  the  sandstone  outcropping  from 
which  the  shelter  was  formed. 

Our  test  trenches  in  Colt  45  Shelter  i-evealed  cultural  deposits  that  extended 
for  a  depth  of  40  in.  below  the  surface.   The  shelter  was  recommended  for  excava- 
tion, and  our  subsequent  activities  there  are  described  in  the  excavations  section  of 
this  report. 

The  nearest  water  source  for  the  occupants  of  this  shelter  would  have  been 
the  same  small  coulee  that  runs  by  Horse  Shelter  and  which  probably  contained  wa- 
ter only  in  the  early  spring. 


The  Excavations 


Four  sites  were  excavated  after  testing  indicated  that  significant  subsur- 
face cultural  materials  v/ere  present:  Tuma's  Rock  (24RB1010),  Horse  Shelter 
{24RB1011),  Colt  45  Shelter  (24RB1012),  and  the  BLM  Bison  Trap  (24RB1G21). 
The  latter  (24RB1021)  v/ill  be  reported  by  Carolyn  Ekland  after  she  completes  fur- 
ther v/ork.    Horse  Shelter,  Colt  45  Shelter,  and  Tuma's  Rock  are  discussed  below. 

Three  of  the  sites  excavated — Horse  Shelter,  Colt  45  Shelter,  and  Tuma's 
Rock — were  located  within  100  yd.  of  each  other  in  Sec.  27,  TIN,  R41E  in  Rosebud 
County.   The  sites  v/ere  situated  on  the  end  of  a  lov/  sandstone  ridge  that  projects 
southeastv/ard  into  Miller  Coulee.   Other  shelters,  carved  from  the  exposed  Fort 
Union  sandstone  by  erosional  forces,  primarily  v/ind,  are  relatively  abundant 
throughout  the  region.   Vegetation  on  the  ridges  is  primarily  small  ponderosa  pine, 
juniper,  sage,  and  native  grasses.   Rhus  often  occurs  at  the  edges  of  the  shelters. 

At  the  time  of  occupation  there  v/as  probably  a  small  spring  50  yd.  south 
of  the  shelters  which  would  have  provided  water  for  the  shelters'  inhabitants.  Today 
the  nearest  v/ater  sources  are  an  intermittent  stream,  MQlcr  Creek,  which  is  1/2 
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mi.  to  the  north,  aiid  a  nearby  drav/  through  which  water  fJov/s  briefly  during  the 
spring  run-off. 


Excavation  Techniques 

The  technique  used  for  maintaining  control  during  the  testing  of  the  shelters 
was  to  establish  a  datum  point  on  the  shelter  v/sll  and  to  record  all  depths  as  below 
the  datum,  rather  than  belov/  the  surface  as  is  customary  in  open  sites.    A  taut 
string  and  a  line  level  for  recording  measurements  were  used.    The  reasons  for  our 
using  this  technique  are  as  follows: 

1)  Often  the  soil  in  a  rockshelter  was  very  soft  ajid  riddled  v/ith  rodent 
holes,  thus  great  care  had  to  be  taken  in  measuring  from  the  surface 
because  the  soil  tended  to  slough  and  change  easily. 

2)  Slielters  were  generally  small  enough  to  use  the  string  line  method  ef- 
fectively, yet  too  small  to  use  an  alidade  or  transit. 

3)  The  fixed  datum  established  an  accurate  reference  base  for  future  exca- 
vations to  tie  into  the  original  trench. 

4)  Arbitrary  digging  levels  for  vertical  control  were  generally  necessaiy  - 
due  to  the  lack  of  evident  natural  stratigraphy,  and  consequently  verti- 
cal control  measured  from  an  arbitrary  stationary  datum  gave  more  ac- 
curate measurements. 

Test  trenches  were  alv/ays  oriented  north-south,  and  a  complete  horizon- 
tal planimetric  map  was  dravvm  of  the  floor.   Thus  we  v/ere  able  to  plot  the  test 
trench  and  relate  it  to  all  other  features  (Fig.  16). 

Discussions  of  the  excavations  at  the  Horse  and  Colt  45  shelters  have  been 
combined  in  the  following  sections  because  the  sites  were  similar  in  content,  similar 
in  structure,  within  100  yd.  of  each  other,  and  presented  a  series  of  occupations  in 
time.    A  radiocarbon  date  of  A.D.  335±120  (GX-2556)  from  Plorse  Shelter  dates  the 
occupation  there  as  having  occurred  between  that  of  Component  I  (A.D.  45il00) 
(GX-2557)  and  Component  II  (A.D.  710±100)l  (GX-2558)  at  Colt  45  Slielter.  .  Also,  both 
shelters  appear  to  have  been  sites  temporarily  occupied  by  small  groups  of  people, 
families  perhaps,  at  certain  time  periods  over  the  last  2000  years. 
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Fig.  16.    Test  trench  at  24RB1011,  Horse  Shelter.   View  showing  result 
of  excavation  techniques  of  arbitrary  datum,  and  arbitrary  vertical  levels  and  hori- 
zontal grid  system.   Note  cultural  level  appearing  in  wall  at  lower  right. 


Soil  Profiles:  Horse  and  Colt  45  Shelters 


The  following  soil  profiles  (Figs.  17  and  18)  v/ere  designed  to  shov/  cultural 
relationships    visible  v/ithin  the  vertical  walls  of  the  test  trenches  in  each  shelter. 
That  the  soil  in  24RB1012  was  mLxed  and  disturbed  is  obvious;  the  drav/ing  maJvies 
the  stratigraphy  more  clearly  defined  than  it  actually  was.  .  Only  the  deepest  cultur- 
al level  in  Colt  45  Shelter,  which  v/e  call  Component  I,  was  relatively  consistent  in 
soil  color  and  texture.    Small  gravel  lenses  occurred  throughout  the  depths  of  the 
site,  but  never  followed  continuously  through  the  site's  horizontal  extent.   And  as  is 
shov/n,  often  the  gravel-sand  mixture  v/ould  just  gradually  change  its  proportion  of 
sand  to  gravel.   The  gravel  size  v/as  generally  0,3  to  0.  5  cm,  in  dia. 

Although  Horse  Slielter  proved  to  be  a  single  component  site,  Colt  45  Shel- 
ter contained  three  prehistoric  components  and  one  historic  component.  Occupa- 
tion at  the  Colt  45  Shelter  began  in  the  late  Middle  Period  (A.  D.  20)  and  continued 
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compDcfed  dung 


sand  and  sandstone 


Fig.  17.   Profile  of  north  wall  of  test  trench  at  24RB1011, 
Horse  Shelter. 


to  the  tLme  of  white  contact. 


Soil  and  Pollen  Analysis:  Horse  and  Colt  45  Shelters 

Inside  the  shelters  the  soil  was  composed  of  a  mixture  of  sand,  sandstone, 
and  occasionally  iron-bearing  concretions  from  the  decomposing  sandstone  of  the 
shelter  ceilings.   The  sandstone  fragments  varied  from  a  few  inches  in  diam.eter  to 
2  to  3  ft.  slabs  of  varying  thiclmesses  and  v/idths.    V/lnd-blowTi  dust  and  sand  had 
added  to  the  soil  which  was  loosely  compacted  due  to  constant  rodent  action. 

A  lack  of  definite  stratigraphy  in  the  deposits  at  both  Horse  Shelter  and 
Colt  45  Shelter  proved  to  be  the  most  difficult  obstacle  In  our  attempts  at  cultural 
interpretation.     It  v/as  apparent  from  our  test  excavations  that,  due  to  the  imiform 
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TABLE  1. 


CHARACTERISTICS  OF  SOILS  FROM  COLT  45  SHELTER  (24RB1012)* 

Color 

Depth 

Characteristics 

Dark  yellow-brown 
to  yellowisli  bro-vvn 

1.0  m.  -  2.5  in. 

Loamy  sand,  slightly  sticky, 
non-plastic,  slightly 
effervescent 

Light  yellowish 
brown 

2. 5  Ln.  -  4.  5  in. 

Sand,  slightly  sticky, 
slightly  plastic,  efferves- 
cent 

Pale  brown 

5.5  in.  -  10.  5  in. 

Loamy  sand,  slightly  sticky, 
slightly  plastic,  efferves- 
cent 

Yellow  brown  to 
grayish  brown 

10.  5  in'.  -  25  in. 

Loamy  sand,  slightly  sticky, 
slightly  plastic,  charcoal 
present,  highly  efferves- 
cent 

*  (after  Moody  1972:66) 


color  and  texture  in  the  soil,  it  was  impossible  to  follow  geological  or  "natural" 
stratigraphy. 

Faced  with  this  problem,  we  established  5  ft,  squares  as  the  major  exca- 
vation units,  and  the  cultural  material  from  each  2  in.  level  within  each  5  ft.  square 
v/as  separately  bagged  and  labeled  and  then  plotted  into  the  grid  system  (Fig.  16). 

Ula  Moody,  Washington  State  University  Department  of  Anthropology,  ana- 
lyzed the  soils  and  the  pollen  samples  from  24RB1012.    Her  research  is  summarized 
in  Tables  1  and  2.   Although  the  pollen  record  v/as  incomplete  for  the  central  portion 
of  the  soil  column,  Moody's  research  indicates  a  decrease  in  pine  pollen  after  the 
third  stratigraphic  level  and  an  increase  in  artemisia  v/ith  soil  depth.   This  increase 
would  correlate  with  the  two  earliest  components  at  the  site. 

Charcoal  samples  for  radiocarbon  dating  v/ere  collected  whenever  possible, 
and  flotation  samples  were  collected  and  examined;  however,  no  indications  of  macro- 
botanical  remains  or  other  items  v/ere  found  which  gave  any  greater  insight  into  the 
lifeways  of  the  shelter's  inhabitants. 


34 


TABLE  2 


FLORA  REPRESENTED  BY  POLLEN  FROM  SOIL  COLUMN  X, 
COLT  45  SHELTER  (24RB1012)* 


Helianthus 

Chenopodeae 

Gramineaa 

Polygeloceae 

Yucca 

High  spine  composite 

Cirslum 

'  Low  spine  composite 

Pinus 

OnagracGae 

Sarcobatus 

Juniperus 

Artemisia 

Rlius 

*  (after  Moody  1972:49) 

Features  and  Floor  Plans: 

Horse  and  Colt  45  Shelters 

The  horizontal  distribution  of  the  features  (feature  here  is  defined  as  a 
specific  assemblage  of  objects  or  an  object  which  cannot  be  removed  from  the  site), 
the  artifacts,  the  chipping  debris,  and  the  shelter  walls,  rocks,  etc.  of  each  com- 
ponent in  each  site  is  shown  in  Figures  19,  20,  22,  23,  25,  and  26.   The  floor  plans 
provide  a  visual  picture  of  the  relationships  of  the  in  situ  locations  of  the  fire- 
hearths  and  artifacts,  and  their  proximities  to  the  shelter  walls  or  other  parts  of  the 
shelters. 

All  except  one  of  the  features  found  were  f  irehearths.   Radiocarbon  dates 
established  for  charcoal  from  these  firehearths  provide  the  time  sequence  for  the 
components  of  the  sites.  '  . 

Features  of  24RB1011,  Horse  Shelter  (Figs.  19  and  20) 

Three  features  were  found  at  Horse  Shelter.   Feature  1  was  a  burned  log 
v/hich  lay  against  the  v/all  inside  the  shelter  and  just  imder  the  layer  of  manure. 
This  feature  was  omitted  from  Fig.  20  because  it  was  not  part  of  the  cultural  level 
and  no  other  material  v/as  associated  with  it. 

Feature  2  v/as  a  hearth  which  was  defined  by  black  soil  and  charcoal,  and 
haphazardly  surrounded  by  fire-bumed  rock.   The  area  containing  the  charcoal 
measured  3  ft.  by  1.  5  ft.  and  v/as  roughly  oval  in  shape.  Red  soil,  apparently  the 
result  of  fire,  v/as  also  associated  v/ith  the  hearth. 

Feature  3  (Fig.  21)  v/as  a  hearth  filled  v/ith  fire-bumed  sandstone.  This 
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Fig.  19.    Plan  view  of  24RB1011  (Horse  Shelter),  showing  location  of  ex- 
cavation units  in  relation  to  shelter  walls  snd  overhang. 

hearth  was  circular  in  shape  and  measured  1.5  ft.  in  dia.    Large  chunlcs  of  charcoal 
were  found  among  the  sandstone  roclcs  from  a  depth  of  33  in.  to  37  in.  below  the  sur- 
face.  The  carbon  sample  collected  for  radiocarbon  dating  from  this  hearth  yielded 
a  date  of  1645+120  B.  P. ,  or  A.  D.  3351120  {GX-2556). 

Features  of  24RB1012,  Colt  45  Shelter 

Component  I  (24  in.  -  40  in.  below  the  surface).    From  Component  I  at 
Colt  45  Shelter,  the  deepest  cultural  deposit  at  this  site,  two  radiocarbon  dates 
v;ere  obtained~1930±120  B.P. ,  or  A.D.  20±120  (GX-2559),  and  1905+100  B.  P.  ,  or 
A.D.  45±100  (GX-2557).    The  former  date  (A.D.  20+120)  was  obtained  from  char- 
coal collected  from  a  wall-lilce  rock- structure  (Fig.  22,  [aj)  that  formed  a  small 
barrier  sepai-ating  the  outside  of  the  shelter  from  the  interior  shelter  floor  area. 
The  second  charcoal  sample  v/as  talcen  from,  a  small  area  of  charcoal  on  the  floor 
of  the  shelter.    The  latter  area  was  not  given  a  feature  number,  but  is  shov.Ti  in  the 
floor  plan  (Fig.  22,  [b]). 

Figure  22  illustrates  the  distribution  of  the  cultural  materials  in  Compo- 
nent I.  • 

Feature  5  was  a  mass  of  rocks  which  at  one  time  apparently  forme-d  either 
a  v/all  or,  more  likely,  a  line  of  at  least  five  rock  piles.    Five  large  concentrations 
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Fig.  20.   Floor  plan  of  excavated  portion  of  cul- 
tural level  at  24RB1011  (Horse  Shelter),  showing  distri- 
bution of  features,  artifacts,  and  lithic  debris.    See  Fig. 
19  for  location  of  excavated  area  in  relation  to  shelter. 


of  rock,  each  rouglily  2  ft.  to  3  ft,  in  dia. ,  seemed  to  have  been  placed  in  a  line. 
If  these  were  indeed  rock  piles,  then  each  pile  must  have  been  at  least  12  in.  in 
height.    Between  each  of  the  rock  concentrations  were  found  large  quantities  of  fire- 
burned  rock  which  were  probably  originally  part  of  the  five  piles.    Flakes  from  tool 
manufacture  were  scattered  throughout  the  rocks  and  on  either  side  of  the  line  of 
rock  piles.    Hov/ever,  finished  tools  were  recovered  only  from  either  side  of  the 
wall.    Possibly  this  rock  mass  was  used  as  a  type  of  fire  reflector  for  heating  the 
southern  side  of  the  shelter,  or  it  may  have  been  a  fortification  of  sorts.   The  soil 
in  v/hich  the  rocks  lay  v/as  composed  of  pov/dery  charcoal  and  sand  (see  Fig.  17). 
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Component  II  (12  in.  -  24  in.  below  the  surface);  Fig,  23.    More  features 
(five,  all  firehearths)  were  found  in  Component  II  at  the  Colt  45  Siielter  than  in  any 
other  of  the  site's  components.    This  indicates  perhaps  that  more  small  groups 
utilized  the  shelter  during  this  time  period  than  during  any  other  period  represented 
at  the  site.   Also,  for  the  first  and  only  time  in  the  history  of  the  site,  the  north 
portion  of  the  shelter  was  used  during  this  period.   As  was  true  in  the  other  compo- 
nents, the  area  of  heaviest  use  was  in  the  central  part  of  the  shelter,  as  indicated 
by  the  distribution  of  artifacts.   However,  most,of  the  hearths  were  locafed  tov/ard 
the  edges  of  the  shelter.   The  one  sample  ivom  this  level  talcen  for  radiocarbon  dat- 
was  from  a  small  area  of  charcoal  and  fire-burned  earLh  that  lay  beneath  a  large 
boulder.    The  sample  was  dated  at  1240±100  B.  P.  ,  or    ,  D.  TlollOO  (G.X--25r)8). 

Feature  2  (Fig.  24a)  v/as  a  small  firehearth  10  in.  in  dia.  and  3  in.  thick 
from  the  top  of  the  highest  rock  to  the  bottom  of  the  lowest.   The  fire  bed  v/as  a 
shallow  pit  Ijeginning  at  19  in.  below  the  surface  and  extending  to  22  in.  l:8lov/  the 
surface.   The  hearth  was  composed  of  nine  rocks  that  had  been  laid  in  a  random 
position  inside  the  pit.   No  aii;ifacts  were  found  in  association  with  the  hearth. 

Feature  3  was  a  small  lens  of  fire-burned  earth  and  charcoal  which  partial- 
ly extended  into  an  unexcavated  wall  and  under  a  large  sandstone  boulder  that  had 


Fig.  21.    Firehearth  (Feature  3)  at  24RB1011,  Horse  Shelter. 
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Fig.  24.   Profiles  of  firehearfchs,  Component 
11,  24RB1012  (Colt  45  Shelter),    a,  Feature  2;  b. 
Feature  7. 


fallen  from  the  north  end  of  the  shelter's  ceiling.  Feature  3  first  appeared  16  in. 
below  the  surface  and  extended  to  20  in.  below  the  surface.  No  artifacts  or  lithic 
debris  was  found  in  the  charcoal  lens  itself. 

Feature  4  was  an  amorphous  bed  of  rocks  that  was  concentrated  in  an 
area  approximately  24  in.  in  dia.  in  the  north  end  of  the  shelter.   The  feature  began 
about  20  in.  below  the  surface  and  extended  into  the  top  of  Component  I  in  one  area. 
Maximum  depth  of  the  rock  bed  v/as  28  in.   The  purpose  or  function  of  this  strange 
mass  of  rocks  is  not  known.   Most  of  the  rock  was  thorougUy  burned,  and  numer- 
ous scrap  flalvcs  and  several  artifacts  lay  within  and  on  the  edges  of  the  rock  bed. 
It  could  not  be  determined  v/hether  this  feature  may  have  been  part  of  the  rock  piles, 
or  "wall -like  mass,"  which  com.pose  Feature  5  in  Component  I. 

Feature  G  v/as  a  large,  approximately  16  in.  in  dia.  ,  pile  of  fire-bumed 
sandstone  rocks  of  which  50  v/ere  over  2  in.  in  dia.  and  about  25  of  which  v/ere  less 
than  2  in.  in  dia.   It  appeared  as  if  the  rocks  had  been  deliberately  placed  between 
and  on  top  of  two  large  sandstone  blocks  that  had  fallen  from  the  roof  of  the  shelter. 
There  v.-as  no  apparent  organization  to  the  distribution  of  the  rocks,  and  the  char- 
coal found  throughout  this  feature  was  not  concentrated  in  any  particular  place.  The 
first  evidence  of  this  hearth  appeared  at  15.  5  in.  below  the  s^arface,  and  the  rocks 
extended  another  4  to  5  in.  in  depth. 
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Feature  7  (Fig.  24b)  was  a  firehearth  composed  of  40  flat  sandstone  rocks. 
It  lay  19  to  25  in.  below  the  surface,  and  measured  about  6  in.  thick  and  18  in.  in 
dia.   An  interesting  characteristic  of  this  hearth  was  that  all  40  of  the  rocks  that  had 
been  piled  into  the  shallow  pit  lay  flat  and  almost  parallel  to  the  living  surface.  The 
rocks  looked  almost  as  if  they  had  been  chosen  for  their  shape.    The  fact  that  this 
hearth  was  located  away  from  the  main  living  area  of  the  shelter  may  also  be  of  sig- 
nificance.  A  fev/  sharpening  flakes  (flakes  less  than  0.75  cm.  in  length)  v-ere  found- 
within  the  hearth  itself  and  within  this  excavation  unit,  and  a  pyriforra  knife  lay 
nearby.   Although  charcoal  was  collected  for  radio  carbon  dating,  not  enough  v/as  re- 
covered for  ail  adequate  sample. 

Component  III  (G  in.  -  12  in.  below  the  surface).    Component  HI  contained 
numerous  projectile  points  and  tools,'  but  no  firehearths  or  other  features  (Fig.  25). 
Also,  there  was  very  little  bcme  in  this  level.   It  seems  probable  that  Component 
in  was  occupied  only  briefly.    Some  charcoal  stains  were  present  m  this  component, 
but  because  of  disturbance  by  rodents,  it  was  impossible  to  ascertain  whether  the 
charcoal  was  in  situ  or  intrusive. 

Component  IV  (0-6  in.  below  the  surface);  Fig.  26.    Component  IV  was 
the  historic-aged  level  of  the  shelter.    The  soil  in  this  component  consisted  of 
loamy  sand  and  cattle  manure.  •  The  radiocarbon  date  obtained  from  Feature  1  in 
Component  IV  indicates  that  the  latest  occupation  of  this  site  occurred  v/ithin  the 
last  200  years.   This  recent  date  is  supported  by  the  recovery  from  this  component 
of  historic  artifacts — canvas  cloth,  and  metal  buttons  and  rivets.   In  addition,  two 
.45  caliber  Colt  cartridges,  after  which  the  site  is  named,  lay  10  ft.  from  the  lo- 
cation where  the  cloth  and  most  of  the  buttons  were  foimd.    A  single  projectile  point 
recovered  from  this  component  is  probably  intrusive  from  Component  HI;  it  was 
found  just  above  the  projectile  points  from  Component  III  in  an  area  that  had  been 
disturbed  by  rodents. 

Feature  1  was  a  layer  of  compacted  red  sand  which  appeared  to  have  been 
discolored  as  the  result  of  fire.   This  feature  was  oval  in  shape  and  measured  6  to  7 
ft.  by  1  to  2  ft.    Charcoal  extended  outward  from  one  end  of  the  feature  another  2  ft. 
The  depth  of  the  feature  was  2  ft.  5  in.  below  the  surface.    Charcoal  was  abundant 
under  parts  of  Feature  1  and  around  its  edges.    The  charcoal  was  very  clean  and 
powder-y  under  the  sand,  which  is  rather  unlike  that  which  v,'ould  have  resulted  from 
a  fire  fueled  by  wood.    Charocal  flakes  1/2  to  1  in.  in  dimension  were  found  at  the 
edge  of  the  red  sand  and  were  taken  as  a  charcoal  sample.    The  date  established  for 
these  charcoal  flakes  was  less  than  200  years  ago  (GX-2561). 


Faunal  Remains:   Horse  and  Colt  45  Shelters 


Faimal  remains,  altliough  present  in  almost  every  level  of  each  5  ft. 
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excavation  unit,  were  generall}'  badly  fragmented  and  poorly  preserved.  Consequent- 
ly, much  of  the  bone  material  could  not  be  identified.   Identifiable  bone  (identified- 
with  the  aid  of  Philip  Wright,  Department  of  Zoology,  Univei'sitj'  of  Montana)  indi- 
cated that  the  following  aiiimals  were  utilized  by  the  occuprcits  of  both  shelters: 

Antelope  (Antilocapra  americana) 

(both  mature  and  immature) 
Bison  (Bison  bison) 
Mule  deer  (Odocoileus  hemionus) 
Grouse  (Pedioecetes) 

White-tailed  jackrabbit  (Lepus  towTisendi) 
Prairie  dog  (Cynomys) 
Ground  squirrel  (Citellus  lateralis) 
Pocket  gopher  (jDrobably  Thomomys) 
Toad  (Buffo) 

As  anticipated,  the  faunal  remains  recovered  from  the  two  sites  repre- 
sent most  of  the  major  ungulates  Icnown  to  have  inhabited  the  region.   Noticeably  ab- 
sent are  elk  and  sheep,  but  this  absence  seems  also  to  occur  at  other  sites  that 
v/ere  occupied  within  this  same  span  of  time.   It  may  be  significant  that  the  inhabi- 
tants used  no  particular  imgulate  species  to  the  exclusion  of  others.   Rather,  the  . 
bones  of  the  various  ungulates  appeared  to  be  present  in  relatively  equal  amounts  in 
each  component  (Table  3).    Only  in  Component  III  at  the  Colt  45  Shelter  was  there  no 
bison  represented;  hov/ever,  there  was  an  apparently  limited  occupation  of  the  site 
at  this  time  also.  -  ' 

In  Table  3  the  faunal  remains  are  listed  according"  to  the  component  at 
Colt  45  Shelter  from  which  they  were  recovered,  and  the  number  of  excavation  units 
withL-1  each  component  within  which  they  were  found.    Because  of  tlie  fragmentation 
and  the  limited  number  of  identifiable  bones  recovered,  no  attempt  was  made  to  re- 
construct the  number  of  individuals  of  each  species  represented.    However,  an  indi- 
cation of  the  number  of  5  ft.  squares  in  which  the  identifiable  fragments  were  found 
might  allow  the  reader  to  derive  a  better  under staiiding  of  the  distribution  of  the 
faunal  remains. 

The  distribution  of  bone  within  the  various  components  was  generally  sim- 
ilar to  that  of  the  lithic  scrap  flal^es.    For  instance,  in  Component  III  at  the  Colt  45 
Shelter,  both  the  concentrations  of  flalces  and  the  concentrations  of  bones  v/ere  lo- 
cated in  the  front,  or  open,  side  of  the  shelter. 

The  o!ily  inmiatux'e  animal  represented  in  the  assemblage  of  faiuial  remains 
was  from  Component  IV  at  the  Colt  45  Shelter.   The  presence  of  bones  from  a  j'oung 
antelope  in  this  level  would  indicate  that  the  animal  was  probably  brought  to  the  site 
in  zhe  spring-time.   Based  on  the  absence  of  immature  bones  in  the  eax'liev  compo- 
nents at  Colt  45  Shelter  and  at  Horse  Shelte.r,  one  might  speculate  that  those  occupa- 
tions occurred  during  v.'inter  or  verj--  early  spring.   Hov/ever,  the  evidence  is  not 
conclusive. 
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TABLE  3 

DISTRIBUTION  OF  FAUxS^AL  REMAINS:  24RB1012,  COLT  45  SHELTER 


Number  of  excavation  units 
in  which  represented 


Component  I 

Antelope                            _  4 

Deer  4 

Bison  2 

Small  rodents                       .  .4 

Rabbits  2 

Grouse                                                         .  1 

Frog  or  toad  1 


Component  11 
Antelope 
Dser 
Bison 
Rabbit 

Small  rodents 

Small  bird  (robin-sized) 


Component  III 

Deer  2 

Antelope  or  deer      •  1 

Rabbit                      '  1 

Ground  squirrel  1 

'  Com.ponent  IV 

Deer                         ■  "  2 

Bison  2 

A^ntelope  (immature)  1 

Sm^ail  rodent  1 

Grouse   1 


24RB1010,  Tuma's  Rock  Site 


Test  excavation  of  site  24RB1010  yielded  two  projectile  points,  some 
buiiied  bone  fragments,  and  some  lithic  scrap  material  resulting  from  tool 
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iv.iuuifacturc.  Subsequent,  full-scale  excavation  produced  no  additional  cultural  ma 
terial,  however.  This  might  be  explained  by  the  presence  of  large,  slightly  subsur 
face  blocks  of  sandstone  at  the  site  which  would  have  eliminated  the  possibility  of  a 
level  floor  suitable  for  occupation. 

The  px'ojectile  poijnts  recovered  are  small  side-notched  points  t\-pical  of 
Late  Pi'ehistoric  Period  sites  in  the  Noithwestem  Plains  and  similar  to  those  re- 
covered from  Component  HI  at  the  nearby  Colt  45  Shelter  (24RB1012).   In  all  prob- 
abilitv'  site  24RB1010  was  used  occasionally  by  the  occupants  of  either  Korse  Shel- 
ter or  Colt  45  Shelter,  since  both  are  within  100  yd.  of  this  site. 
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MEMORANDUM 


TO 


All  Regional  Permit  Program  Directors 


FROM 


Office  of  Permit  Programs,  Washington,  D.  C. 


SUBJECT 


Updated  Effluent  Guidance  Materials 


The  attached  guidance  package  consists  of  two  parts: 


1.  Instruction  and  limitations  which  apply  to  permit  appli- 
cations in  all  industrial  categories.     In  general  this  is 
the  guidance  you  received  in  our  January  2,  1973,  memcrancum; 
there  have  been  some  additions  and  deletions. 

2.  Updated  and  streamlined  guidance  docum.ents  in  a  standardized 
format,  to  replace  the  guidance  documents  which  you  received 
at  intervals  since  June  1972.     Previous  effluent  guidance 
documents  are  superceded.     Explanatory  data  and  references 
have  been  deleted  and  will  be  made  available  in  separate 
back-up  documents.     Sampling  and  monitoring  instructions 
also  have  been  deleted.     Specific  guidance  for  monitoring 
and  self  reporting  has  been  provided  in  draft  form  3/9/73. 


The  Effluent  Guidelines  Division,  Office  of  Air  and  Water  Programs  and 
the  Permit  Program  Staff,  Office  of  Enforcement  and  General  Counsel,  have 
reviewed  the  effluent  guidance  docur.ents  and  have  concurred  in  the 
technical  applicability  of  these  documents  for  interim  use  in  the  issuance 
of  permits  under  Section  402,  until  effluent  guidelines  are  promulgated  unde 
Section  304,  but  only  v/ithin  the  limitations  set  forth  in  the  Deputy 
Administrator's  memo  of  February  28,  J.973,  which  has  been  cited  in  each  case 
in  the  guidance  under  the  title  "Application  of  Limitations". 

As  pointed  out  in  our  memo  of  January  2,  1973,  this  guidance  applies 
primarily  to  major  or  significant  dischargers.     Considerable  care  and 
discretion  must  be  used  in  the  application  of  this  guidance  to  minor  cr 
less  significant  discharges. 


There  inay  be  individual  cases  outside  the  areas  indicated  below  where 

a  determination  of  best  practicable  control  technology  currently  available 

for  the  industrial  facility  in  question  can  be  made  with  a  high  degree 

of  confidence,  through  reliance  on  the  interim  effluent  guidance  together 

with  an  evaluation  of  thie  particular  conditions  in  existence  at  the 

facility.     Decisions  to  issue  permits  in  such  cases  should  be  made  with 

caution  and  on  a  limited  basis.     Subject  to  the  foregoing,  the  following 

guidance  documents  may  be  used  in  accordance  with  the  caveats  and  qualifications 

cited. 


TABLE     OF     CO  il  TENTS 


General  Effluent  Guidance  for  all 

Industrial  Categories      1 

Aluminum  Industry    11 

Beet  Sugar  Industry  15 

Beverage  Industry  ,  17 

Cane  Sugar  Refining  Industry    23 

Canned  and  Frozen  Fruits  cind  Vegetables  Industry  27 

Cement,  Lime,  Gypsum  and  Flat  Glass  Industry  31 

Coal  Industry  37 

Dairy  Industry  •   .  '  45 

Fertilizer  Industry  49 

Inorganic  Chemicals  Industry    57 

Insulation  Fiberglass  Industry    121 

Meat  Products  Industry  63 

Metal  Finishing  Industry    69 

Mining  and  Milling  Industry    75 

Motor  Vehicles  Industry    79 

Petroleum  Refining  Industry    83 

Plastic  Materials  and  Synthetics  Industry    91 

Pulp  and  Paper  Industry  101 

few  Cane  Sugar  Industry  105 

Iron  and  Steel  Industry  107 

Textile  Industry    Ill 


i 


General  Effluent  Guidance  for  All 
Industrial  Categories 


The  following  guidance  on  special  technical  considerations  in  the 
application  of  limitations,  and  on  effluent  limitations  for  specific 
parair.eters ,  is  to  be  used  as  appropriate  in  writing  permits  for 
applications  in  all  industrial  categories. 

General 

The  guidance  doci'ments  were  developed  to  cover,  as  specifically  as 
possible,  the  identified  industrial  categories.    The  numbers  previously 
developed  and  the  information  contained  herein  v;ere  meant  to  apply 
generally  to  the  industrial  category  but  more  specifically  to  "major", 
"large",  or  more  significant  dischargers.     Additional  information  on  other 
considerations   (i.e.,  economic,  age)  will  be  forthcoming.     This  should  not 
r^terially  effect  your  priorities.     However,  should  a  problem  arise  that  requires 
additional  consideration,  please  contact  the  appropriate  headquarters 
individual.     You  v/ill  find,  as  you  probably  already  have,  that  the  guidance 
does  not  lend  itself  to  all  situations  involving  "special"  problems  of 
age  and  economic  impact,  etc.,  for  a  given  category. 

EH 

The  normal  range  in  which  all  discharges  should  fall  is  generally 
accepted  to  be  between  a  pH  of  6  and  a  pH  of  9.     Any  discharge  outside 
of  this  range  should  be  v/ell  justified  and  should  consider  such  things 
as  the  addition  of  total  dissolved  solids  from  neutralization  and  the 
buffering  capacity  of  the  receiving  water.     If  the  pH  of  the  discharge 
iz  significantly  different  than  the  pH  of  the  receiving  water  within 
-'.B  6.0  to  9.0  range  and  the  di.scharge  is  a  significant  portion  of  the 
receiving  water,  toxic  effects  due  to  pH  fluctuations  within  this  range 
can  be  shown.     Therefore,  it  is  imperative  that  the  discharge  be  evaluated 
carefully  even  within  the  range  of  6.0  to  9.0,    (e.g.,  7.0  +^0.5). 

Col i form 


Trds  is  a  significant  parameter  for  mixtures  of  industrial  wastewater 
c-'.d  sev;age  and  may  be  significant  for  certain  industrial  wastewaters 
alone.     Because  of  the  sev/ering  of  most  plants,  the  absence  of  sewage 
should  be  established  by  dye  test.     If  sewage  is  present,  the  following 
e-'fluent  limit  should  be  imposed:  • 


"Organism.s  isolated  in  the  fecal  coliform  test  shall  not 
exceed  1000  organisms  per  100  ml." 
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Total  Dissolved  Solids 

Total  dissolved  solids  have  not  been  limited  in  the  individual  guidance 
documents.     There  is  technology  available  for  the  removal  of  total 
dissolved  solids  when  receiving  water  quality  so  dictates. 

Oil  and  Grease 

Permit  conditions  for  petrolei.un-based  Oil  and  Grease,  based  on  the 
Standard  Methods   (13th  Edition,  Method  137)   are  to  reflect  an  achievable 
concentration  of  10  mg/1  as  the  basis  for  determining  limitations. 

This     limitation  should  be  imposed  where  appropriate  across  industrial 
categories.     If  petroleum-based  oil  and  grease  is  not  present  in  the 
characteristic    discharge,  the  limitation  may  be  eliminated.    Oil  and 
grease  analysis    may  also  be  used  to  detect  oily  materials  of  animal 
and  vegetable  origin.     The  limitation  of  oil  and  grease  in  these 
instances  should  be  applied    with  caution.     Vegetable  or  animal  based 
oil  and  grease  is  generally     less  significant  than  petroleum  based 
oil  and  grease  at  the  same  levels. 

Toxicity 

National  standards  for  toxicity  limitations  via  bioassay  procedures  have 
not  been  set.     Certain  States  require  bioassay  procedures  which  v/ill  be 
incorporated  in  our  discharge  permits  v;hen  those  states  include  the 
requirement  as  part  of  certification  under  Section  401.     A  list  of  toxic 
substances  and  standards  will  be  promulgated  under  Section  307  of  the  Act. 

Heavy  Metals 

A  general  limitation  of  1  mg/1  maximum  total  dissolved  heavy  metals 

should  not  be  imposed  across  the  board.     The  figure  is,  however 

a  good  point  of  reference  when  establishing  limits  for  a  discharge  involving 

a  number  of  dissolved  heavy  metals  which  could  present  a  hazard  to  water 

quality  due  to  synergistic  toxic  effects. 

Utility  Discharges,  Thermal  Energy                                •  ' 

For  practical  purposes,  thermal  limitations  are  most  significant  when 
applied  to  once  through  non-process  contact  cooling  water,  and  treated 
effluent.     This  includes  both  manufacturing  industry  and  power  generating 
industry.  ^  ...... 
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The  industrial  effluent  linitation  guidance  addresses  "process  wastewaters" 
only,  which  have  cone  into  intimate  contact  with  raw  irxiterial,  products, 
byproducts,   etc.,  and  include  all  wastewaters  containing  significant  a--ount 
of  non-thermal  pollutants.     Typically,  these  strearris  require  biological 
or  physical  treatm.ent  to  reduce  the  content  of  specific  constituents. 
V.'nen  the  resulting  "treated  effluent"  contains  thermal  energy',  additional 
considerations  and  limitations  may  be  necessary. 

Included  in  this  definition  of  "process  wastewaters"  are  cooling  towar 
blowdown,  boiler  water  blowdown,  water  treatment  plant  backwashings 
and  once  through  process  contact  (e.g.,  barometric  condenser)  cooling 
water.     However,   limitations  to  be  applied  to  constituents  of  these 
components  of  "process  waters"  are  generally  not  contained  in  existing 
guidance . 

Relative  to  pollutant  reduction  in  utility  water  components  of  "process 
wastewaters",  each  case  should  be  evaluated  individually.  Further 
definition  of  "best  practicable    control  uechnology  currently  available" 
in  this  area  has  been  undertaken  by  contract  studies  under  Effluent 
Guidelines  Division  of  Office  of  Water  Programs. 

The  combination  of  cooling  water  and  treated  process  water  effluent 
prior  to  introduction  into  the  receiving  water  is  permissible.  In 
instances  where  monitoring  of  the  combined  flows  will  not  provide  adequate 
information  because  of  a  concentration  below  a  detectable  limit,  monitoring 
may  be  required  prior  to  the  combination  of  process  flows  and  non-contact 
cooling  water  flows.     Vs'here  once  through  non-contact  cooling  v;ater  is 
collected  with  process  wastewaters  in  combined  sewers,  no  allowance  may 
be  given  that  would  condone  the  dilution  of  the  plant  raw  waste  load  ar.d 
result  in  a  higher  pollutant  discharges  allowance. 

Cnce-throuyh  cooling  v/ater  that  does  not  come  into  contact  with  process 
material   (shell  and  tube  heat  exchangers)   discharging  into  segregated 
sewers  may  be  excluded  from  the  accounting  of  pollutants  (excepting 
thermal)   limited  in  the  permit  where  source  of  water  is  the  receiving 
stream.     In  such  cases,   thermal  considerations  should  be  applied  taking 
into  account  applicable  v;ater  Quality  Standards  and  using  the  guicamce 
afforded  in  the  Thermal  Technical  Manual  forwarded  earlier  in  draft  form, 
.'•'.cnitoring  for  possible  contamination  should  be  required,  especially 
wr.ere  saline  cooling  water  is  used.     Due  to  the  corrosive  properties 
o:  saline  water,  corrosion  products  may  be  significant.     The  logic  for 
excluding  once  through  non-contact  coolincf  v;ater  from  pollutant  liri-tation 
accounting  is  based  upon  net/gross  considerations  relative  to  influent 
^:cnstituents ,  and  upon  the   'practicability'  of  treatment  to  reduce  very 
lev  pollutant  levels": 
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Typically  large  quantities  of  water  relative  to  process 
leakage  result  in  concentrations  not  appreciably  higher 
than  supply  water  characteristics,  and  so  low  as  to  produce 
dubious    analytical  results. 

Unless  a  specific  violation  of  Water  Quality  Standards  results, 
such  low  concentrations  would  not  ordinarily  be  expected  to  have 
a  significant  or  adverse  impact  on  the  receiving  water. 

In  the  absence  of  adverse  impact  (i.e.,  violation  of  Water 
Quality  Standards)  on  the  receiving  water,  the  benefit  of 
treating  such  large  quantities  of  water  (especially  for 
net  pollutant  reduction)  does  not  justify  the  cost. 

Color 

Color  is  generally  an  aesthetic  problem.     Where  a  specific  problem  is 
evident,  limitations  may  be  set  on  a  case-by-case  basis  based  upon 
receiving  water  quality. 

Net  and  Gross 

Generally  a  discharger  is  not  responsible  for  pollutants  entering 
with  his  water  supply  if  he  takes  water  from  the  same  source  into 
which  he  is  discharging.     If  his  source  is  other  than  the  receiving 
stream,  he  is  to  be  charged  with  the  gross  discharge. 

Unless  industry  specifically  requests  application  of  net  considerations 
in  writing,  or  unless  the  difference  betv;een  net  and  gross  is  of  major 
significance  to  a  discharger,  the  peinnit  should  be  written  on  a  gross 
basis  with  no  stipulation  for  influent  values.    Where  the  differences 
between  net  and  gross  application  of  effluent  guidance  is  of  relatively 
minor  significance  but  industry  requests  application  of  net  values,  the 
supply  water  waste  loading  should  be  stipulated  based  on  presentation  of 
existing  data  (i.e.,  adjust  limitation  accordingly  and  write  permit  in 
gross  terms.)     Limitations  that  are  established  for  materials  that  are 
normally  expected  to  be  "concentration  controlled"   (e.g.,  TSS  and  BOD) 
may  not  need  total  credit  for  influent  levels  (a  well  designed  clarifier 
will  generally  produce  a  quality  effluent  -  20  mg/1  ss  -  regardless  of 
source  of  suspended  solids)  .      VJhere  application  of  net  values  is  of 
great  significance  to  the  dischargers,  permit  requirements  for  sampling 
the  influent  wasteloadings  must  be  included. 

Pollutants  that  are  removed  in  the  treatment  of  v/ater  in  an  industrial 
facility   (e.g.,  silt  removal,   filter  backwash)  m^y  not  be  returned  to 
the  receiving  water.     Once  a  pollutant  is  removed  by  the  discharger  it 
may  not  be  reintroduced.     In  this  situation  net/gross  considerations 
will  be  applied  downstream  of  any  pretreatment  steps. 
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Disposal  of  Pollutants  into  Wells 

If  an  applicant  for  a  permit  proposes  to  dispose  of  pollutants  into 
veils  as  part  of  a  program  to  neet  the  proposed  terras  of  a  pemit, 
additional  terms  and  conditions  should  be  specified  in  the  permit 
which  either  prohibit  the  proposed  disposal  or  control  the  disposal 
so  as  to  prevent  pollution  of  ground  and  surface  waters  and  to 
protect  the  public  health  and  welfare.     The  Administrator's  decision 
statement  number  five,  February  6,   1973,   "Environnental  Protection 
Agency  Policy  on  Subsurface  Emplacement  of  Fluids  by  VJell  Injection" 
should  be  consulted  and  complied  with. 

Standard  Conditions 

The  provided  standard  permit  conditions  will  be  included  in  each  permit 
in  the  order  and  language  given.     Additional  conditions  necessary  to 
meet  state  certification  requirements  will  follow  the  standard  special 
conditions  in  the  permit.     State  requirements  which  exceed  national 
requirements  will  generally  be  adopted  for  National  Pollutant  Discharge 
Elimination  System  permits  written  for  discharges  in  the  State.  Please 
note,  however,   that  only  those  State  requirements  included  in  the 
certification   (Sec.  401  of  the  Act)  must  be  adopted.  Recommendations 
can  be  accepted  for  cause.     In  this  m.anner,  terms  and  conditions  of  dubious 
legal  or  technical  validity,  or  that  would  tend  to  impede  enforcement  may 
possibly  be  screened  out. 

Limitations 

Permits  are  to  be  written  with  limitations  in  terms  of  kilograms  (pounds) 
of  each  pollutant  per  day  excepting  in  certain  industries   (such  as  m.ining 
operations  and  utility  discharges)  where  wastewater  generation' is  not 
related  to  production  levels.     The  monthly  operating  average  effluent 
limitation,   in  kilograms   (pounds)  per  day,  should  be  calculated  usi.^.g  the 
production  basis  multiplied  by  the  appropriate  effluent  level  as  specified 
ir.  tlie  guidance.     It  is  not  our  intent  to  specifically  limit  water  use  in 
the  permit  unless  the  flow  is  so  high  as  to  cause  a  scouring  problem  in 
ti.e  receiving  water.     Once  a  permit  has  been  issued  based  on  the  use  of 
effluent  volume,  production  levels,  and  attainable  abatement  technology, 
the  discharger  may  m.eet  his  requirement  via  any  combination  of  effluent 
volume  and  concentration  providing  he  does  not  violate  water  quality  standards 
-n  so  doing.     If  a  discharger  drastically  reduces  his  water  usage  he  may 
^ugr.ent  receiving  water  diffusion  capacity  to  prevent  localized  toxic  effects 
-r  take  advantage  of  improved  treatability  to  reduce  pollutant  discharge, 
=  t  .-.IS  option,  with  in  the  life  of  the  permit. 


The  basis  for  limitations  shall  be: 


1.  Monthly  average,  expressed  in  kilograms  (pounds)  of  pollutant  per  day  | 
which  is  the  total  of  each  pollutant  discharged  in  a  calendar  g 
month  divided  by  the  number  of  days  the  production  facility  j 
operated  that  month. 

2.  Daily  maximum,  expressed  in  kilograms   (pounds)  per  day. 

Maximum  daily  limitations  have  not  been  statistically  established  for 
all  industrial  categories.     It  is  our  intent  that  the  discharge  limitations 
developed  from  the  guidance  and  other  considerations  be  a  monthly 
operating  average  and  a  daily  maximum.     Variations  from  this  operating   . . 
average  will  be  monitored  and  used  as  a  basis  for  judgment  of  the 
performance  of  the  discharger  and  to  establish  statistical  variability. 
Vfnen  statistically  reliable  data  is_  available,  a  maximum  variation  will 
be  established  on  that  basis.     Until  such  is  the  case,  a  general  limitation 
for  individual  composite  data  shall  be  established  that  is  no  more  than 
3  times  the  average  limitation  (200%  over)  where  water  quality  considerations 
do  not  prevail.     Discharges  may  be  limited  singly  or  as  a  group  or  a 
combination  of  single  discharges  and  groups  or  totally  for  the  plant 
depending  on  the  engineering  judgment  of  the  reviewer.     It  may  be  necessary 
to  know  the  source  of  each  discharge  before  making  such  a  judgment.  In 
any  case,  the  total  allowance  of  pollutant  limitations  should  not  exceed, 
that  calculated  for  the  total  plant  production  capability.  Monitoring 
programs  and  compliance  schedules  should  be  consistent  with  approach 
chosen. 

Production  Figures  to  be  Used  in  Permit  Writing 

A  manufacturer  should  not  be  limited  to  less  than  full  utilization  of 
actual  installed  production  capability.     However,  do  not  allow  the 
purpose  of  effluent  limitations  to  be  circumvented  by  overstatements 
of  production  capability.     The  manufacturer  is  responsible  for 
meeting  the  permit  requirements  without  regard  to  seasonal  variations 
in  treatment  efficiency,  production  levels,  or  product  mix. 

Therefore,  the  "production"  figure  can  be  either  product  or  rav;  material 
as  appropriate;   shall  be  based  on  plant  production  capability  whether 
by  engineering  evaluation  or  production  history;  and  shall  be  based 
on  the  normal  equipment  operating  schedule.  -    .        _  . 

vrb.ere  production  xmits  are  separated,  but  utilize  a  common  treatment 
facility,  production  will  be  evaluated  for  the  production  complex 
as  a  whole.     One  permit  would  be  written  for  the  production  complex, 
covering  all  discharges  to  receiving  v/ater  individually  or  combined 
as  appropriate. 
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'.shere  "production"  is  based  on  product,  the  total  produced  (including 
that  shipped  out  of  plant  and/or  placed  in  inventory)  will  be  used. 
Similarly,  where  raw  naterial   (not  including  process  cheirdcals)  usage 
is  the  basis,  the  total  processed  will  be  used.     In  either  case,  assume 
a  reasonable  product  irlx  which  most  fully  utilizes  installed  equipment. 

For  complex  facilities,  the  capacity  will  be  limited  by  the  unit 
process  which  controls  production,  e.g.,  if  an  intermediate  process 
can  only  supply  75  units  to  a  downstream  operation  with  a  capability 
of  100  units,  then  the  overall  capability  is  75  units  unless  purchased 
interr.ediate  material  is  introduced.     The  determination,   further,  should 
be  based  on  a  normal  operating  schedule,  e.g.,  shifts  per  week.  There 
ray  be  cases  where  increased  production  requirements  are  anticipated, 
ar.d  will  be  met  by  a  heavier  operating  schedule  (running  the  equipment 
more  shifts  per  week) .     The  heavier  operating  schedule  may  be  used  in 
defining  plant  capacity,  but  should  be  supported  by  market  projections, 
production  schedules,   etc.,   that  demonstrate  the  intent. 

The  production  figure  arrived  at  in  this  manner  should  not  be  aji  unreasonable 
deviation  from  historical  actual  production. 

Ir.  any  event,  the  manufacturer  can  apply  for  re-issuance  of  his  permit 
based  on  increased  production.     As  a  rule-of- thumb,  this  should  only 
be  necessary  when  the  contemplated  production  increase  would  cause 
overloading  of  treatment  facilities,  resulting  in  violation  of  the 
effluent  limitations  in  the  permit. 

Level  A  and  Level  B 

.'■'.inim.um  levels  of  treatment  (B  Level)  were  originally  proposed  in 
recognition  of  the  economic  hardship  implicit  in  redirecting  a 
pollution  abatement  program  already  under  construction.  However, 
setting  specific  minimum  limitations  for  all  industry  raised  the 
possibility  of  an  implied  benefit  to  dischargers  only  recently 
providing  treatm.ent.     In  addition,  subsequent  amplification  of 
"best  practicable  control  technology  currently  available"  requires 
consideration  of  economic  cost  benefit  relationships,  as  well  as 
engineering  aspects,  non-water  quality  oriented  environmental  impact 
and  others. 

The  primary  mechanism  of  relief  will  be  reflected  in  compliance  schedules 
terminating  v;ith  acheivement  of  Level  A  guidance  by  July  1,  1977.  The 
~03t  important  consideration  in  using  Level  A  and  Level  B  is  to  reird.nd 
the  discharger  that  Level  A  values  are  to  be  m.et  as  ?  minim.um.  requirement 
July  1,  1977,  by  all  dischargers. 
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Permit  Duration 

Permits  may  be  issued  for  periods  up  to  five  years.     If  a  discharger 
is  expected  to  achieve  A  levels  by  July  1,   1977,  and  he  commits  to 
a  program  to  accomplish  this,  he  will  expect  a  permit  of  extended 
duration,  i.e.,   five  years.     Short  term  permits,  e.g.,   less  than 
3-5  years,  should  be  issued  only  in  those  situations  where  there 
is  a  significant  water  quality  problem  that  may  net  be  resolved  or 
where  the  technology  for  pollution  abatement  is  not,  in  your  opinion, 
sufficient,  or  where  the  discharger  is  not  sure  of  the  success  of 
his  planned  program.     In  these  instances  the  penrdt  should  be 
written  to  terminate  9  months  after  the  conclusion  of  the  compliance 
plan. 

Settleable  Solids 

The  presence  of  settleable  solids  in  treated  effluent  can  show  biological 
system  misfunction  and  clarifier  misoperation,  assuming  it  is  well 
designed.     The  absence  of  settleable  solids  can  therefore  indicate  con- 
tinuing operational  stability.     Analysis  for  settleable  solids  may  be 
a  useful  monitoring  tool  to  supplement  and,  to  a  certain  extent,  reduce 
the  frequency  of  BODc^  and  suspended  solids  analyses,  thus  providing 
greater  operational  control.  '  • 

Staged  Discharge  ' 

There  may  be  instances  where  variability  in  receiving  water  flow 
(either  regulated  or  natural  causes)  precludes  discharge  of  even  very 
highly  treated  v;astewater  due  to  stream  quality  considerations  during 
lov;  flow  periods.     In  such  instances,  treated  wastewater  may  be  stored 
for  discharge  when  receiving  water  considerations  allow  it.     The  discharge 
permit  may  therefore  contain  supplem.ental  conditions  permitting  discharge 
in  regulated  amounts.     In  any  case  the  total  v;eight  of  individual 
pollutants  so  scheduled  shall  not  exceed  an  appropriate  limitation  - 
based  on  production  capability. 

Batch,  Seasonal  and  Intermittent  Operations 

Batch,  seasonal,  and  intermittent  operations  will  be  limited  in  the 
scime  terms  as  are  continuous  operations,   i.e.,  a  monthly  operating 
average  and  a  daily  maximum,  each  expressed  in  pounds  per  day  of 
individual  pollutants.     It  may  also,  however,  be  necessary  to  set  a 
limit  on  the  rate  of  discharge  in  terms  t)f  pounds  per  hour  in  order 
to  prevent  violation  of  receiving  water  quality  standards  due  to  slug 
discharge. 
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The  rationale  is  based  upon  the  essential  logic  in  the  discussion  of 
'production  capability'  plus  a  general  condition  in  each  permit 
requiring  that  the  permittee  operate  the  treatment  facilities 
efficiently  at  all  times.     No  attempt  should  be  made  to  specify  the 
days  upon  which  a  discharge  is  authorized. 

Monitoring  and  Self  Reporting 

Separate  guidance  has  been  written  for  monitoring  and  self  reporting. 
Generally  the  approach  is  that  the  permittee  notify  the  regulatory  agency 
in  the  event  of  violation  of  a  daily  m.axiraum  limitation   (in  which  case, 
if  immediate  telephone  notification  is  required,  a  24-hour  telephone 
number  should  be  supplied)  ,  and  that  the  permittee  shall  m.onitor  and  report 
routinely  at  such  a  frequency  as  to  assure  management  and  the  regulatory 
agency  that  abatement  programs  are  being  implem.ented  and  the  permit  terms 
and  conditions  observed.     Any  discharge  characteristics  that  are  limited 
should  be  monitored,  not  necessarily     all  at  the  same  frequency.  Avoid 
limiting  the  same  characteristic  by  more  than  one  limitation;   for  instance, 
oxygen  demand  by  BOD^,  COD  and  TOD. 

Compliance  Schedules 

Proposed  or  tentative  compliance  schedules  should  be  expressed  in  months 
elapsed  from  the  effective  date  of  the  permit  until  the  permit  is  issued 
at  which  time  specific  dates  should  be  typed  into  the  schedules.  Interim 
limitations  for  'immediate'  compliance   (e.g.,  one  month  from  effective 
date)   should  be  im.posed  as  necessary  and  desirable  in  order  to  either  abate 
an  "imminent  hazard  to  public  health  or  safety"  or  because  it  is  feasible 
to  abate  the  discharge  immediately.     Compliance  with  other  limitations 
m.ay  require  installation  of  waste  treatment  facilities,  which  would 
require  additional  implementation  and  compliance  schedules. 

It  should  be  noted  that  a  pollution  abatement  program  for  a  complex 
industrial  facility  may  involve  installation  of  more  than  one  treatment 
facility.     Our  interest  is  in  the  end  result,  not  on  the  design  or  program 
planning,  excepting  insofar  as  total  compliance  is  achieved  in  a  timely 
manner  not  to  exceed  July  1,   1977.    Therefore,  in  a  staged  program, 
i.iterim,  limitations  m.ay  be  imposed  based  upon  completion  of  facets  of  an 
overall  abatement  program. 

Treatment  models  described  in  the  guidance  are  not  intended  to  specify 
procedures  or  processes,  but  to  illustrate  the  means  by  which  the  limitations 
~3y  be  met.     Alternatives  which  will  achieve  the  same  end  are  acceptable. 

^^etr^ic  Units 

"11  permits  should  be  written  in  metric  units   (kilograms,  meters,  kiloliters) 
-ith  equivalent  English  units  (pounds,  feet,  gallons)   in  parentheses 
alongside. 
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COAL 

APPLICABILITY 

These  instructions  apply  to  Standard  Industrial  Classification 
Codes  11  and  12. 

SUBCATEGORIES  CONSIDERED 

Operations  in  the  coal  mining  industry  are  considered  under  the 
following  subcategories:     coal  preparation  plants,  underground 
coal  mining,  and  surface  mining   (strip  mining) . 

OPERATIONS  EXCLUDED 

This  guidance  covers  only  the  listed  operations.  Hardrock 
mining,  specifically,  is  excluded. 

APPLICATION  OF  LIMITATIONS 

Concentrations  schedule   (A)   should  be  applied  for  mine  drainage 
and  preparation  plant  discharges,  with  the  exception  of  the 
alkalinity  criteria,  which  should  be  changed  to  acidity  with 
an  upper  limitation  of  10  mg/1  in  both  cases.     This  guidance 
should  not  be  used  as  a  basis  for  surface  mining  permits  and 
priority  should  be  placed  on  significant  dischargers. 

VJastes  from  coal  mining  operations  often  are  unrelated,  or  only 
indirectly  related,   to  production  quantities.     Therefore,  effluent 
limitations  are     expressed  in  terms  of  concentration  rather  than 
units  of  production.     Due  to  the  wide  variation  of  geological 
and  hydrological  factors  in  the  coal  industry,  a  pound  per  day 
limitation  is  impractical. 

EFFLUENT  LIMITATIONS 

Underground  Mine  Drainage 

1.     There  shall  be  no  dilution  of  the  effluent  stream. 
Surface  Mining  .  . 

1.     The  velocity  of  discharge  shall  be  such  that  scouring  of 
stream  bed  shall  not  occur. 

2a.     All  treatmerit  facilities  shall  be  of  sufficient  size  to  handle 
the  run-off  resulting  from  a  once-in-ten-years '  storm.  (Source- 
Kentucky  revised  statutes  relating  to  strip  mining  and  reclamation, 
1966,  Chapter  350,  Regulation  11.) 
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COAL 

EFFLUENT  LIMITATIONS  (Continued) 

b.  The  effluent  shall  not  contain  suspended  matter  in  excess  of 

30  mg/1 ,  (A  level)  or  100  mg/1 ,  (B  level)  with  the  exception  of  during 
and  four  hours  after  a  major  precipitation  event.  • 

The  operator  is  not  at  any  time  to  discharge  an  effluent  containing 
suspended  matter  in  excess  of  1,000  mg/1  from  any  area  of  land  i. 
affected.     A  major  precipitation  event  is  the  number  in  inches  of 
water  greater  than  the  duration  of  the  storm  in  minutes  divided  by 
100  plus  0.2.      (Source  -  U.S.D.A.  miscellaneous  publication  #204, 
"Rainfall  Intensity  and  Frequency  Data,  1935.)      (See  Graph) 

Since  the  operator  must  show  the  major  precipitation  event  has 
occurred,  it  will  require  an  installation  at  the  operating  site, 
of  a  recording  rain  gauge.     In  addition,  precipitation  must  be 
included  in  the  monitoring  program.  ■: 

Area  of  land  affected  is  the  area  of  land  from  which  overburden  is  to 
be  or  has  been  deposited,  which  shall  include  all  land  affected  by 
the  construction  of  new  roads  or  the  improvement  or  use  of  existing 
roads,  other  than  public  roads,  to  gain  access  and  to  haul  coal.. 

c.  Sudden  release  of  large  volumes  of  v\/ater  from  the  treatment 
facility^as  during  a  storm,  must  be  prohibited  to  prevent  scouring 
of  the  treatment  facility.     Therefore,   there  should  be  established 

a  level  at  which  the  flow  will  be  diverted  from  the  treatment  facility 
This  level  must  be  set  for  each  individual  operation  taking  into- 
consideration  the  following   (i)  average  precipitation  of  area; 
(ii)  receiving  stream  water  quality  standards;  and   (iii)   the  volume 
of  water  discharged  during  a  once-in-ten-years '  storm. 

The  applicability  of  any  of  the  parameters  listed  must  be  at  the 
discretion  of  the  Regional  Administrator. 


ABATEMENT  MODELS  '  '  .  •  ■         •    !  •-    '      '  ..    '  -■ 

The  effluent  limitations  for  the  coal  mining  industry  are  based 
on  utilization  of  the  geochemical  approach  which  encompasses 
oxidation  potentials,  reaction  rates and  solubility  constants, 
as  well  as  pH  control. 

A.     Preparation  Plant  tVastes  : 

Semi-colloidal  particles  of  coal,  shale,  and  clay  in  suspension 
form  one  of  the  principal  pollutants--suspended  solids.  Reduction 
in  the  amount  of  suspended  solids  reaching  the  stream  can  be 
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ABATEt-ENT  MODELS  (continued) 

achieved  by  installation  of  settling  and  impounding  facilities. 
Other  methods  of  control  include  froth  flotation,  f locculation, 
filtration,  and  mechanically  operated  sedimentation  and  clarification 
basins.     Organic  coagulants     such  as  polyacrylamide ,  used  alone 
or  in  combination  with  inorganic  coagulants^  may  demonstrate  good 
settling  qualities. 

In  addition  to  the  problem  of  suspended  solids,  the  effluent  from 
coal  washing-may  contain  iron  and  sulfur  compounds  in  suspension. 

In  high  enough  concentration,  these  would  cause  considera±)le  loading 
on  the  stream  and  will  require  chemical  treatment  before  discharge. 
The  effluent  limitations  for  preparation  plant    wastes  reflect  the 
eventual  goal  of  complete  recycling. 

B.  Underground  t^ne  Drainage 

The  term  "underground  mine  drainage"  as  used  herein  applies 
not  only  to  discharges  which  have  a  low  pH  value  but  also  to 
discharges  with  a  neutral  value  but  which  are  high  in  metallic  salts 
which  can  be  a  problem  in  an  alkaline  environment. 

Drainage  from  coal  mines  may  be  acid  and  may  contain  sulfuric 
acid,  ferrous  and  ferric  iron,  aluminum,  and  manganese  in  significant 
concentrations.     Carbon  dioxide,  and  calcium,  magnesium,  and 
sodium  salts,  all  of  which  contribute  to  a  very  high  degree  of 
hardness  may  also  be  present.     Preventive  measures  might  include 
reduction  of  the  amount  of  infiltration  into  the  mine,  controlled 
dewatering  to  reduce  contact  with  acid-forming  m.aterials,  removal 
of  acid  forming  materials,  sealing  or  flooding  of  inactive 
mines,  and  replacement  of  waste  rock.     Treatment  methods  which 
might  be  used  to  meet  the  effluent  requirements  include 
neutralization,  and  removal  of  iron  and  manganese. 

C .  Surface  Mining 

To  meet  the  effluent  limitations  for  surface  mining,  operators 
will  have  to  employ  one  or  all  of  the  following  methods: 

1.  Keep  as  much  water  as  possible  out  of 
the  operating  site;  , 

2.  Provide  proper  drainage  and  removal  to  < 
treatm.ent  facility; 

3.  Separate  contaminated  and  non-contaminated 
water;  and 

4.  Insure  that  all  water  receives  proper 

pH  control  as  well  as  removal  of  suspended 
solids  and  metallic  materials. 


ABATEMENT  MODELS  (continued) 


At  present,  a  number  of  operations  are  employing  lagooning 
systems.     Evaporation  results  in  a  reduction  in  the  suspended 
solids  as  well  as  the  ferric  hydroxide  and  the  ferric  sulfate. 
Precipitation  eventually  results  through  the  oxidation  process. 

One  source  of  acid  mine  water  is  the  re\ise  pile  or  "gob  pile" 

which  contains  sulfurous  refuse  from  the  preparation  and 

cleaning  process.     Control  of  the  gob  piles  could  eliminate 

a  source  of  acid  drainage.     The  simplest  system  for  control 

is  to  cover  these  piles  with  a  non-acid  producing  material 

such  as  two  feet  of  dirt.     At  a  later  time,   to  insure  stability, 

some   form  of  vegetation  should  be  planted.     Sealing  or  benching  of 

the  cut  area   so  that  there  are  no  opportunities  for  oxidation 

of  pyritic  material  will  eliminate  a  major  part  of  the  problem. 


Neutralization 

Neutralization  to  pH  of  6.0  to  9.0  can  be  accomplished  by  the 
use  of  lime,  limestone,  oxidation,  or  varied  combinations  of 
the  three  depending  on  the  characteristics  of  the  waste. 

The  use  of  a  two-step  neutralization  process,  'that  is,  the  use 
of  limestone  to  bring  the  pH  to  5,  v;ith  the  addition  of  lime 
to  complete  the  neutralization,  could  result  in  a  considerable 
savings  both  in  the  cost  of  chemicals  and  in  sludge  handling. 
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NOISE  SURVEY  OF 
BIG  SKY  MINE.  ROSEBUD  COUNTY.  MONTANA 


RESULTS  AND  EVALUATION 

I .         I NTRODUCT I  ON 

The  first  set  of  noise  measurements  to  determine  the  environmental   impact  of 
Peabody's  Big  Sky  Mine  were  made  during  the  morning  and  afternoon  of  July  25, 
1973.    During  the  entire  period  of  noise  measurements  the  mine  was  operating 
at  full  capacity  and  rail  cars  were  being  loaded  with  coal.     Blasting  noise 
was  not  measured  at  this  time  because  (I)  the  mine  had  a  considerable  amount 
of  uncovered  coal,  and  had  no  immediate  need  to  do  any  blasting,  and 
(2)  magnetic  tape  recording  equipment  to  be  used  in  measurement  of  the  blast 
transient  was  not  yet  available  from  the  manufacturer.     (This  equipment  is 
presently  on  order  with  General  Radio,  but  delivery  is  expected  to  be  December, 
1973  or  later.)    The  final  set  of  noise  measurements,  which  will  be  directed 
to  blasting  noise,  will  be  made  soon  after  the  tape  recording  equipment 
becomes  available.    A  report  on  this  activity  will  then  be  written  and  appended 
to  this  present  report. 

it  is  important  to  recognize  the  fact  that  there  are  no  ground  rules  laid  down 
by  any  governmental  authority  for  the  conduct  of  a  noise  survey.     It  is  equally 

important  to  realize  that  these  measurements  represent  only  one  point  in  time. 
Obviously,  the  location  of  the  pit  will  change  as  time  goes  on,  and  the 

location  will  bear  directly  on  its  impact.    For  awhile  the  mining  pit  will  be 
closer  to  Highway  315  than  it  presently  is,  but  for  most  of  the  life  of  the  mine 
the  pit  will  be  much  further  from  the  highway. 

I  I .      PRIMARY  EMPHASIS  OF  THE  SURVEY 

As  stated  previously,  there  were  no  guidelines  for  this  study.    Consequently,  it 
was  established  that  the  primary  emphasis  in  this  survey  would  be  to  measure 
mining  noise  at  the  mine  property  boundaries  which  lie  between  the  mining 
operations  and  populated  areas.    To  our  knowledge  only  three  populated  areas  exist 
near  the  mine.     One  is  the  coal-mining  town  of  Colstrip,  which  lies  about  5  miles 
NNW  of  the  pit,  another  is  a  small  trailer  court  located  about  2  miles  NE  of  the 
present  pit,  and  the  third  area  is  along  a  NE-SW  road  3-1/2  miles  SE  of  the 
present  pit.     About  4  houses  are  located  on  this  road. 

III.     GENERAL  OBSERVATIONS 

A.     LOCATION  OF  THE  MINE 

Possibly  the  most  important  single  fact  about  the  mine  is  that  it  is  essentially 
isolated  from  populated  areas  by  buttes  which  are  about  300  feet  high. 
Mining  will  take  place  in  the  valleys  between  the  buttes,  so  the  mining 
operation  will  be  acoustically  baffled  by  the  buttes  and  the  vegetation  lying 
between  the  mine  and  populated  areas.    As  will  be  shown  in  the  discussion  of 
the  measurements,  the  effect  of  the  buttes  is  to  completely  deaden  the  normal 
operating  sounds  of  the  mine.    \-le  do  not  yet  know  whether  explosive  sounds 
will  be  completely  deadened,  but  we  are  certain  that  such  sounds  will  be 
drastically  attenuated. 

There  is  one  exception  to  this.    The  trailer  part  is  not  isolated  from  the 
mine  by  ridges.     In  its  present  location  it  is  far  enough  away  that  normal 
mining  sounds  are  quite  reduced,  even  though  they  are  audible.  However, 
when  mining  progresses  into  section  13  of  mining  area  "A",  the  mine  will  be 
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very  close  to  the  trailer  court.     It  may  becorre  necessary  then  to  move  the 
trailer  court  to  another  location  a  few  miles  av/ay. 

B.  EFFECTS  OF  NOISE  ON  WILDLIFE 

No  attempts  have  been  made  to  determine  the  effects  of  mining  noise  on  wild- 
life, but  the  following  observations  have  been  made.    The  Mine  Superintendent, 
Mr.  Affred  Caskey,  reports  that  big  game  and  cattle  seam  unaffected  by  mining 
operations.    Deer,  pronghorn  antelope,  and  cattle  frequently  feed  very  close 
to  the  mining  operations  and  the  haulage  roads,  sometimes  less  than  a  quarter 
mile  from  the  center  of  operations.    They  seem  to  have  completely  adapted  to 
the  presence  of  large  machinery  and  its  associated  noise. 

C.  OTHER  NOISES  IN  THE  ENVIRONMENT 

In  the  proximity  of  the  mine  there  are  two  other  sources  of  non-natural  noise. 
One  is  the  traffic  on  Montana  Highway  315,  which  skirts  the  eastern  and  north- 
eastern boundaries  of  the  mine.    This  traffic  is  fairly  light.    The  other  is 
the  noise  from  the  Western  Energy  Mine,  which  lies  3-4  miles  NW  of  the  Big  Sky 
Mine  office.    These  noises  dominate  in  measurement  locations  (I),  (4),  (7), 
and  (8),  but  the  noise  levels  were  by  no  means  objectionable. 

There  are  very  few  sources  of  natural  noise  in  this  area.    The  area  is  similar 
in  many  respects  to  the  high  sagebrush  desert  of  central  Utah,  except  there 
is  probably  more  grass  here  jn  Montana.    The  buttes  are  partially  wooded  by 
scattered  stands  of  pine  and  juniper.    The  greater  part  of  the  land  is  void  of 
trees,  and  is  vegetated  primarily  by  thin  grasses,  sagebrush,  yucca,  and 
prickly  pear  castus.     In  areas  where  no  highway  or  mining  noise  can  be  heard, 
the  only  sounds  usually  heard  are  those  of  insects,  birds,  USAF  jets,  and  the 
wind  blowing  through  the  trees  or  the  grass. 

MEASUREMENTS  AND  RESULTS  OF  THE  NOISE  SURVEY 

A.  WEATHER  CONDITIONS 

V/eather  conditions  were  excellent  for  the  survey.    The  temperature  varied 
between  82°F.  and  90°F,  and  the  day  was  sunny,  clear,  and  reasonably  calm. 
Under  such  conditions  one  would  expect  uniform  propagation,  with  no  chan- 
nelling or  shadow-zoning.    Measurements  were  made  at  eight  locations  about 
the  property  boundary,  four  in  the  morning  and  four  in  the  afternoon.  The 
wind  was  very  light  in  the  morning,  possibly  varying  between  I  and  4  mph . 
The  wind  increased  somewhat  over  the  lunch  hour,  and  was  gusting  between  8 
and  12  mph. 

B.  EQU I PMENT 

The  instrument  used  for  the  survey  was  a  new  General  Radio  Model  1933 
Precision  Sound-Level  Meter  and  Analyzer,  in  conjunction  with  a  I  inch 
Electret  Condenser  Microphone.  This  instrument  was  calibrated 

immediately  prior  to  the  survey  with* a  General  Radio  Model   1562  Sound  Level 
Calibrator.    A  wind  screen  was  used  during  part  of  the  measurements. 

Determi na fi ons  of  location  were  made  by  using  a  contour  map  and  a  pocket  com- 
pass.    Location  was  roughly  determined  by  recognition  and  direction,  and  was 
then  more  accurately  defined  by  triangulating  on  prominent  landmarks. 
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THE  MEASUREMENT  RESULTS 

Measurements  were  made  in  eight  different  locations,  and  these  locations  are 
shown  by  number  on  Figure  I.    Locations  I  through  4  were  chosen  to  determine 
the  noise  impact  of  the  mine  on  the  community  of  Colstrip.    Locations  5  and 
6  were  to  determine  the  noise  impact  on  the  trailer  court,  and  locations  7 
and  8  were  primarily  for  general  background  information. 

At  the  time  of  the  survey  the  contour  map  of  Figure  I  was  not  available,  and 
we  were  not  aware  of  any  houses  south  of  location  (8).    However,  based  on 
measurements  made  in  locations  explained,  and  knowing  that  there  is  more  than 
3  miles  of  rough  terrain  and  buttes  between  the  mine  and  these  houses  to  the 
south,  we  would  venture  the  opinion  that  mining  noises  would  not  be  audible 
at  these  houses.    This  opinion  will  be  verified  during  the. final  part  of  the 
survey. 

The  measurements  made  at  each  location  have  been  graphically  displayed  In 
Figures  2  through  9.    Following  are  commentaries  on  each  location's  result: 


LOCATION  I      This  set  of  measurements  was  made  on  top  of  a  small  hill  just 
beyond  the  crest  of  the  main  ridge  running  along  the  northern 
property  boundary.    Except  for  birds  chirping  and  insects 
buzzing  about,  this  location  was  practically  silent.  Haulage 
trucks  could  be  heard  in  the  distance  toward  the  V/estern  Energy 
Mine,  but  the  noise  levels  were  clearly  not  objectionable.  In 
fact,  as  Figure  2  shows,  only  those  sounds  lying  above  63  Hz 
were  loud  enough  to  be  perceived  by  human  ears,  and  at  levels 
quieter  than  most  residential  bedrooms. 

LOCAT I  ON  2      Located  atop  the  ridge  overlooking  the  mine,  this  location 

offered  a  totally  unobstructed  view  of  the  mine.    The  geometry 
of  the  situation  was  such  that  very  little  excess  attenuation 
would  be  expected,  because  there  were  no  intervening  trees  or 
hills.    During  this  and  the  next  two  sets  of  measurements  a 
drill  rig  was  operating  in  the  SW  corner  of  section  14  (see 
Figure  I).    The  drill  rig  was  not  audible. 

The  sounds  of  the  mine  were  audible  from  this  location,  but  all 
except  two  were  quite  muffled.    The  two  sounds  that  were  clearly 
audible  were  the  haulage  trucks  as  they  climbed  the  Inclined 
roads  out  of  the  pits,  and  the  backup  alarms  on  the  mobile  vehicles 
The  backup  alarms,  which  are  required  by  the  Mine  Health  and 
Safety  Act,  emit  a  penetrating  and  persistent  noise  which  is 
obviously  the  most  irritating  of  all  the  mine  noises. 

LOCATION  3      This  location  was  very  similar  to  location  2,  except  there  were  a 
few  trees  between  us  and  the  mine,  and  there  was  a  long  butte 
extending  along  our  line  of  sight  toward  the  mine.    Except  for  the 
63  Hz  readings,  the  noise  spectra  v/ere  nearly  identical.    There  is 
no  explanation  for  the  rise  In  63  Hz  noise  power  between  these  two 
locations,  but  it  is  possibly  the  result  of  another  piece  of 
equipment  being  turned  on. 

LOCATION  4      This  point  was  specially  chosen  to  lie  directly  between  the  mine 
and  Colstrip,  Montana.     It  was  located  about  1/4  mile  north  of 
the  ridge  which  runs  the  northern  property  boundary  of  the  mine. 
The  only  perceptible  sounds,  aside  from  the  deer  flies  and  wind 
In  the  grass,  was  the  faint  sound  of  haulage  trucks  in  the 
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direction  of  the  Western  Energy  Mine.     Low  frequency  noise 
v/as  higher  than  it  was  in  Location  I,  which  was  a  similar 
location. 

The  quietness  of  location  4  leads  one  to  the  conclusion  that 
the  noises  of  the  nine  could  not  be  heard  at  Co  I  strip  except 
under  very  unusual  channelling  or  convergence  conditions. 

LOCATION  5      This  location  was  only  1/2  mile  NE  of  the  tipple,  and  I- 1/2 

miles  NE  of  the  pit.    There  were  no  intervening  hills  or  trees. 
As  expected,  noise  levels  were  much  higher  in  this  location  than 
any  previously  made.    Low  frequency  noise  had  a  large  spread  of 
values,  probably  caused  by  the  wind  gusts  that  had  arisen  by  this 
time.    Perhaps  more  significantly,  the  curve  Cshown  in  Figure  6) 
of  level  versus  frequency  has  a  prominent  "knee"  In  the  1000- 
2000  Hz  frequency  band.    The  fact  that  this  knee  does  not  exist 
at  other  locations  may  indicate  that  these  frequencies  are 
attenuated  rapidly  with  distance. 

LOCAT I  ON  6      Carefully  chosen  to  assess  the  impact  of  mine  noise  on  the  trailer 
court,  this  measuring  location  was  just  outside  the  fence  surround- 
ing the  trailer  court,  and  was  directly  between  the  trailer 
court  and  the  mine.     It  is  difficult  to  show  in  graphical  form, 
but  the  measurement  values  also  reflect  noise  from  a  large  group 
of  birds  that  were  in  the  trees  around  the  trailer  court.  Light 
gusts  of  wind  also  gave  a  measuring  problem  here,  because  the 
general  noise  level  was  so  low  that  bird  chirps  and  wind  gusts 
drove  the  meter  needle  off-scale. 

The  250  Hz  and  500  Hz  noise  levels  were  higher  near  the  trailer 
court  than  they  were  at  location  5,  which  was  about  1/2  mile 
closer  to  the  mine.    Since  most  electric  motor  noise  peaks  up  In 
the  250-500  Hz  range,  this  rise  in  noise  levels  may  be  attributable 
to  electric  motors  used  in  the  trailer  court. 

LOCAT 1  ON  7      Measurements  at  this  site  were  made  just  north  of  the  mine  road 
Intersection  with  Highway  315.    For  the  portion  of  the  spectrum 
lying  between  63  and  2000  Hz,  the  levels  here  were  much  lower 
than  they  were  in  locations  5  and  5.    This  is  to  be  expected, 
because  although  the  distance  to  the  pit  was  about  the  same,  this 
site  has  trees  and  hills  between  it  and  the  pit. 

Untypicaliy  high  maximum  levels  were  noted  in  the  31.5  Hz  and 
63  Hz  bands,  and  this  was  directly  attributable  to  the  wind. 
Even  though  a  wind  shield  was  being  used,  and  no  measuremen  |-s 
were  made  when  cars  were  passing,  the  wind  had  risen  enough  by 
this  time  that  it  was  extremely  difficult  to  measure  in  lower 
frequency  bands. 

LOCATION  8     This  area  was  so  quiet  that  octave-band  measurements  were 

impossible  to  make,  due  to  the  noise  of  light  wind  gusts  and 
insects.     It  was  possible,  however,  to  obtain  a  dBA  reading  at 
this  location,  because  the  dBA  weighting  networks  in  the  meter 
tend  to  deemphasize  the  lower  end  of  the  spectrum,  where  wind 
noise  gives  the  most  problem. 


I 


NOISE  SURVEY 


V.        EVALUATION  OF  THE  RESULTS 

It  is  difficult  to  attach  any  particular  significance  to  the  curves  shown  in 
Figures  2  thru  9  unless  one  has  a  point  of  reference.    For  the  purpose  of  re- 
lating these'curves  to  more  familiar  noise  levels,  v/e  have  inserted  in  the  back 
cover  of  this  report  a  transparent  overlay  of  Preferred  Noise  Criteria  (PNC) 
curves.^'      The  PNC  curves  relate  suggested  OQise  ranges  for  various  indoor 
functional  areas,  as  explained  in  Table  I. 

As  an  example  of  how  to  use  the  overlay,  place  it  over  Figure  2  and  rraks  sure  the 
graph  coordinate  values  overlap.     In  most  cases  the  measured  noise  levels  in 
Figure  2  are  less  than  PNC-20,  and  in  no  case  do  they  exceed  PNC-25  (not  shown). 
What  does  this  mean?    Referring  to  Table  I  we  see  that  this  level   is  much  quieter 
than  recommended  levels  for  bedrooms,  hospitals,  and  other  areas  used  for  sleeping, 
resting,  and  relaxing. 

Another  thing  shown  in  Figure  10  is  a  curve  representing  the  human  threshold  of 
hearing,  which  has  also  been  included  on  Figures  2  through  9  for  reference.  In 
most  locations  it  Is  noted  that  31.5  Hz  and  63  Hz  noise  is  not  loud  enough  to  be 
heard. 

The  highest  overall   levels  measured  were  at  location  5,  at  which  the  levels  ranged 
between  PNC-20  and  PNC-40.    Again  referring  to  Table  I,  these  levels  are  within 
the  range  of  levels  recommended  for  bedrooms,  hospitals,  and  other  areas  used  for 
sleeping,  resting  and  relaxing. 


(1)  NOISE  AND  VIBPJ\TI0N  CONTROL,     Leo  L.  Beranek,  page  567,  fig.   18.3,  McGraw-Hill,  1971. 

(2)  Ibid,  page  585,  table  18.7. 
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Octave-3and  Center  Frequencies,  Hz. 


Co.T.-nents :    Measured  at  a  point  over  the 
crest  of  the  ridge  on  the  north  property. 
The  wind  was  virtually  calm,  and  the  only 
noises  discernible  were  the  distant 
haulage  trucks  of  the  V.'estern  Energy 
Mine  and  chirping  of  birds  nearby. 


Figure  2 
Moise  Levels 
iVleasured  At 
Big  Sky  Mine 
July  25 ,1973, a.m. 
Location  1 
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Conments :    These  measurements  were  made 
on  top  of  the  ridge  about  a  quarter  mile 
beyond  the  north  property  boundary.  The 
mine  v/as  visible  from  this  location,  and 
certain  mining  noises  such  as  haulage 
trucks  and  backup  alarms  v/ere  clearly 
discernible. 


Figure  3 
^Joise  Levels 
Measured  At 
Big  Sky  Mine 
July  25 ,1973, a.m. 
Location  2 
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Cor'jr.ents :    Measured  at  a  point  near  the 
northern  property  boundary,  from  a  ridge 
overlooking  the  mine.    The  mine-  was 
visible  from  this  location,  and  certain 
mining  noises  such  as  haulage  trucks  and 
backup  alarms  were  clearly  discernible. 


Figure  4 
^Joise  Levels 
Measured  At 
Big  Sky  Mine 
July  25 ,1973, a.m. 
Location  3 
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Cor-jnents :    Measured  at  a  point  near  the 
northern  pi-operty  boundary  lying  directly 
between  Colstrip,  Montana  and  the  mine. 
Only  discernible  sounds  at  this  location 
were  from  the  vicinity  of  the  Western 
Energy  Mine,  and  sounded  like  haulage 
trucks . 


Figure  5 
Noise  Levels 
Measured  At 
Big  Sky  Mine 
July  25 ,1973, a.m. 
Location  4 
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CoiTinents :    These  measurements  were  made 
on  a  flat  area  about  1  mile  from  the  pit. 
Mine  noises  were  clearly  audible,  primarily 
dominated  by  noise  from  haulage  trucks  and 
backup  alarms. 


Figure  6 
Woise  Levels 
Measured  At 
Big  Sky  Mine 
July  25 ,1973, a.m. 
Location  5 
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CoT.T.ents :    Measurements  were  made  just  outside 
ths  fence  on  the  west  side  of  the  trailer  court, 
between  the  trailer  court  and  the  nine.  Mine- 
originated  noise  levels  in  the  trailer  court 
should  be  nuch  lower  than  the  above  low  values, 
because  the  heavily  vegetated  trees  in  the  court 
will  attenuate  sound  effectively. 


Figure  7 
^JOise  Levels 
Measured  At 
Big  Sky  Mine 
July  25 ,1973, a.m. 
Location  6 
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Cor-T.ents :    These  measurer.ents  were  made 
near  the  intersection  of  the  mine  road 
and  Montana  Highvvay  315.    The  only 
audible  noises  were  occasional  passing 
traffic,  insects,  and  wind,  which  was 
gusting  between  8  and  12  r.ph. 


Figure  8 
Noise  Levels 
r^^easured  At 
Big  Sky  Mine 
July  25 ,1973, p.m. 
Location  7 
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Octave-band  measurements  could  not  be 
made  at  this  location  due  to  light 
windV  and  insects.    The  noise  level 
inherent  to  this  location  was  so  low 
that  the  sounds  of  insects  flying  by 
the  microphone,  or  light  gusts  of 
wind,  produced  a  dynamic  range  of 
values  too  great  to  track  on  the 
meter.   (Even  on  slow  response). 


Approximate  threshold  of 
hearing  for  continuous 
noise.     (Values  lying 


to  the  left  or  under  this 
curve  cannot  be  heard  by 
human  ears . ") 


Ji'iedian 
Reading 
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Octave-Band  Center  Frequencies,  Hz. 


CoiTJiients :    These  measurements  were  made 
about  1.8  miles  south  of  the  entrance  to 
the  mine  road,  and  about  75  yards  west 
of  Montana  Highway  515. 


Figure  9 
Noise  Levels 
Measured  At 
Big  Sky  Mine 
July  25 ,1973, a.m. 
Location  8 
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Type    of    space  (and    acoustical  requirements) 

PNC  curve 
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Concert  halls,  opera  houses,  anJ  recical  halls  (for  listening  to  faint 

10  to  20 

21  to  30 

Broadcast  and  recording  studios  (distant  microphone  pickup  used)  . 

10  to  20 

21  to  30 

Large  auditoriums,  large  drama  theaters,  and  large  churches  (for 

Not  to  exceed  20 

30' 

Broadcast,  television,  and  recording  studios  (close  microphone 

Not  to  exceed  25 

34 

Small  auditoriums,  small  theaters,  small  churches,  music  rehearsal 

rooms,  large  meeting  and  conference  rooms  (for  very  good  ■ 

listening),  or  executive  offices  and  conference  rooms  for  50 

Not  to  exceed  35 

42 

Bedrooms,  sleeping  quarters,  hospitals,  residences,  apartments. 
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25  to  40 

34  to  47 

Private  or  semlprlvate  offices,  small  conference  rooms,  class- 

30  to  40 

38  to  47 

Living  rooms  and  drawing  rooms  in  dwellings  (for  conversing  or 

30  to  40 

38  to  47 

Large  offices,  reception  areas,  retail  shops  and  stores,  cafeterias, 

restaurants,  etc.  (for  moderately  good  listening  conditions)  .... 

35  to.  45 

42  to  52 

Lobbies,  laboratory  work  spaces,  drafting  and  engineering  rooms. 

40  to  50 

47  to  56 

Light  maintenance  shops,  office  and  computer  equipment  rooms. 

kitchens  and  laundries  (for  moderately  fair  listening  conditions). 

45  to  55 

52  to  64 

Ref.  NOISE  AND  VIBRATION  CONTROL,  Leo  L.  Beronek,  poge  585;  Toble  18,7  M'^Graw-Hlll,  1971. 
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